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BENZOYL CHLORIDE AS A POLAR SOLVENT. PART V. CONDUC- 
TOMETRIC TITRATIONS IN BENZOYL CHLORIDE 


By RaM CHAND PAvL, JOGINDER SINGH JOHAR AND GURDEV SINGH 


Acid base neutralisation reactions between the solvo-acids, like titanium tetrachloride, stannic chlo- 
ride, zirconium tetrachloride, tel!urium tetrachloride and antimony pentachloride, on the one hand, and 
the solvo-bases, like pyridine, quinoline, a-, 8- and y-picolines and dimethylaniline, on the other, have 
been carried out in benzoyl chloride, and the course of reactions has been followed eonductometrically. 
The composition of the neutralisation complexes, as isolated and reported ecrlier (part IT), has been 
confirmed and the existence of quite a ‘ew more has been indicated. The conductance of the solutions 
of solvo-acids and solvo-bases as well as their neutralisation has been explained on the basis of the ionisa- 
tion of benzoyl! chloride as : BzCl = Bz* + 


Conductometric titrations have gained considerable importance in the study of acid- 
base neutralisation reactions in polar solvents (Smith, Chem. Rev., 1938, 28, 165 ; 
Gutinann, Monatsh., 1954, 85, 404 ; Z. anorg. allgem. Chem., 1951, 266, 331 ; Spandau 
and Brunneck, ibid., 1955, 278, 197). Neutralisation reactions between acids and 
bases, characteristic of the solvo-system benzoyl chloride, have already been described 
in a previous paper (Paul, Chander and Singh, this Journal, 1958, 85, S60). These 
reactions have now been studied conductometrically, and the existence of the complexes 
has been confirmed. 

The specific conductances of the solutions of the solvo-bases, such as, «-, 8- and 
-picolines and dimethylaniline, and the ansolvo-base, dimethylphenylbenzylammonium 
chloride, in benzoyl chloride have been determined at 28° The results (Table I) reveal 
that these solutions are more conducting than the solvent itself (specific conductance = 
9 x 10°" ohm™'-cm™! at 20° ; Gutmann and Tennenberger, Monatsh., 1957, 88, 216). 


I 


Specific conductance of benzoyl chloride = 9 x 10° * ohm™~’ cm! at 20°. 


Base. Concentration Sp. conductance 
(moles/litre). (ohm~ 


a-Picoline 0.0103 2.583 X ro75 
B-Picoline 0.0100 2.253 X 1075 
y-Picoline 0.0100 2.280 x 1075 
Dimethylaniline 0 0100 4.808 x 1078 
Dimethylphenylbenzy1- 0,0016 3-384 X 1075 
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This in licates that on dissolution of these substances in benzoyl chloride, ion pairs 
are formed which conduct electric current. Therefore, on the basis of the ionisation 


of benzoyl chloride as: 


C.H,COCI C,H;CO* + CI” 


and the strongly electron-donor nature of the nitrogen in the tertiary bases, the structure 
of these solvo-bases in benzoyl chloride solutions can be represented as: 


B + BzCl —> B. BzCl = B. Bzt + 
(Bz = C,.H;CO). 


Dimethylphenylbenzylammonium chloride is soluble in benzoyl chloride and in 
solution it must exist as ions: 


= (CH;),.N*. C.Hs.C;H; + Cl-. 


Similar observations have been recorded (Gutmann and Tannenberger, loc.cit.) in 
the case of the Lewis acids, such as, stannic chloride, titanium tetrachloride, zirconium 
tetrachloride and antimony pentachloride. Solutions of these in benzoyl! chloride are 
more conducting than the solvent itself, although some of them, such as, stannic chloride 
(‘International Critical Tables’’, McGraw Hill Book Co. Inc., N.Y. London, 1926, VI, 
p. 142) and titanium tetrachloride (Eingorn, Ukrain Khim. Zhur., 1950, 16, 404), are non- 
conducting in the pure state. The mode of ionisation of the solutions of these acids and 
bases in benzoyl chloride has already been proposed (Paul, Chander and Singh, loc.cit.). 
Some conductometric titrations between tetraethylammonium chloride and a few solvo- 
acids in benzoyl chloride as solvent were carried out by Gutmann and Tannen- 
berger (Monatsh., 1957, 88, 292). In the present work the neutralisation reactions 
between the tetrachlorides of tin, titanium, zirconium and tellurium and the penta- 
chloride of antimony as solvo-acids and pyridine, quinoline, «-, 8- and y-picolines and 
dimethylaniline as solvo-bases have been studied conductometrically. The formation 
of a number of compounds with different stoichiometric ratios (Paul, Chander and Singh, 
loc.cit.) has been confirmed and the formation of some new compounds has been 
indicated. 


On the addition of a solution of stannic chloride in benzoyl chlorid2 to a solution 
of «-picoline in the same solvent, a light yellow solid begins to separate, and the con 
ductance of the solution falls progressively ti'l at the point, where the acid/base molar 
ratio becomes o.5 (Fig. 1), the conductance is at a minimum and the precipitation is 
complete, If the addition of the acid solution is continued beyond this point, the 
precipitate begins to dissolve slowly and the conductance increases rapidly till the second 
break occurs at the acid/base molar ratio of 1.0. Here the precipitate dissolves comple- 
tely and the solution becomes clear. On further addition of the acid solution, the rate 
of increase of the conductance is not appreciable, and no further break in the curve ‘< 
noticed, 
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During this titration the conductance of the solution records enormous changes. 
This may be attributed to the addition and removal of ionic species from the reaction 
medium, ‘The appearance of the precipitate in the beginning of the titration can be 
ascribed to the formation of bis-benzoyl-a-picolinium hexachlorostannate, according to 
the following reactions : 


SnCl, + 2BzCl = 2Bz* + SnCl,?~ (Formation of the solvo-acid) 
C.H;N + BzCl = C,H,N*. Bz + Cl” (Formation of the solvo-hase) 
2C,H,N*. Bz + 2Cl” + 2Bzt + SnCl,?~ 2BzCl + {‘C,H,N.Bz), SnCl, 
(Neutralisation) 


The progressive removal of the benzoyl-z-picolinium and the chloride ions from 
the solution to yield an insoluble precipitate on the addition of stannic chloride 
solution explains the decrease in the conductance, which reaches a minimum when the 
precipitation is complete. ‘The rapid rise in conductance as a consequence of the 
dissolution of the precipitate can be attributed to the formation and subsequent ionisa- 
tion of the soluble and highly ionised acid salt, benzoyl-*-picolinium benzoylhexachloro- 
stannate, 


(C,H,N.Bz), SnCl, + 2Bz* + SnCl,?~ —> 2(C,H,N.Bz).Bz.SnCl, 
= 2Bz+ + 2(C,H;N.Bz.SnCl,_ ). 


Thus, the addition of stannic chloride solution increases the number of ions entering 
the reaction medium, and as a result, the conductance increases considerably. At the 
second break the dissolution of the precipitate or the conversion of the normal salt to 
the acid salt is complete, and any further addition to the acid solutio: has little effect 
on the conductance, as the solvo-acid, Bz,SnCl,, is comparatively feebly ionised. 


The conductance curves, obtained by titrating stannic chloride against $-piccline 
and y-picoline, are also presented in Fig. 1. In both these cases, two breaks correspond- 
ing to acid/base molar ratio of 0.5 and 1.0 are obtained. These breaks may be attribu- 
ted to the formation of the normal salts, which are insoluble, and the acid salts, which 
are soluble, in benzoyl chloride. The course of reaction in both these cases can be 
explained on lines similar to those given for titration with z-picoline. 


Pyridine and quinoline have been used as solvo-bases for conductometric titrations 
in seleny! chloride (Smith; loc.cit.), phosphoryl chloride ‘Gutmann, Monatsh., 10954, 
85, 1077) and thionyl chloride (Spandau and Brunneck, loc.cit.). The former forms 
a monosolvate (Adkins and Thompson, J. Amer. Chem. Soc., 1949, 7A, 2242) while 
the latter, a disolvate (Paul, Bains and Singh, this Journal, 1958, 35, 489) with benzoy! 
chloride. The addition of a solution of stannic chloride in benzoyl chloride to a solution 
of pyridine in benzoyl chloride lowers the conductance of the latter with the immediate 
separation of a white precipitate (Fig. 2). The continued addition of the stannic 
chloride solution results in a progressive fall in the conductance which reaches a minimum 
when the acid/base molar ratio is 0.5. With any further addition of the acid 
solution, the conductance increases rapidly. At a later stage, however, the rate of 
increase of conductance falls, but the precipitate does not dissolve completely even when 
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three times the volume of the acid solution, used at the point of minimum conductance, 
has been added. Ae 

The separation of the precipitate and the decrease in conductance at the beginning 
of the titration may be considered as due to the formation of the normal salt, bis-benzoyl- 
pyridinium hexachlorostannate. The reaction can be represented as: 


C;H;N.BzCl C;H,N*t. Bz +Cl~ 
2(C,H,Nt. Bz) + 2Cl” + 2Bz*+ + SnCl,?~ —> (C;H;N.Bz),SnCl, + 2BzCl. 


The rise in conductance may be attributed to the formation and ionisation of the 
acid salt, benzoylpyridinium benzoylhexachiorostannate in solution as: 


(C,H,N.Bz)sSnCl, + 2Bz* + SnCl.?~ —> 2(CsH;N.Bz).Bz. SnCie 
= 2Bzt + 2(C;H;N.Bz.SnCi,~). 

‘The difficulty in locating the second break, corresponding to the formation of the 
acid salt, may be regarded as due to the the sparingly soluble character of the acid salt 
and the slow formation of the acid salt from the normal salt. The observations recorded 
in the titration of stannic chloride against quinoline (Fig. 2) are quite similar to those 

Fic. 3 ees in the ged of 
, ridine, mentioned above, 
Dimethylaniline stannic chloride can be explained in a 
— similar way. In this case 
also, only one break corres- 
ponding to the formation of 
the normal salt, bis-benzoyl- 
quinolinium hexachlorostan- 
nate, is observed, although 
both the normal and the acid 
salts have been isolated and 
analysed in partially desolva- 
ted forms (Paul, Chander and 
Singh, /oc.cit.). 
Dimethylaniline is freely 
miscible with benzoyl chlo- 
ride, and therefore has been 
used asa titrant in its titra- 
tions with the solvo-acids. 
On the addition of the solu- 
tion of dimethylaniline in 
benzoyl chloride to that of 
stannic chloride, a sharp 
J increase in the conductance 
v of thel atter solution is recor 
— ded(Fig. 3). The conductance 


RELATIVE CONDUCTANCE 


“oso 100 150 20 2.50 3.00 
MOLAR RATIO BASE/ACID 


on 
be 
to 
¢) 
m 
Je 
he 
ie 
ae 
1g 
to 
ct 
le 
j- 
1- 
h 
e 
n 
e 
c 
n 
d 
yf 
D 


ae: 


200 R. C. PAUL, J. S. JOHAR AND G. SINGH 


reaches its maximum when the base/acid molar ratio is 1.0, and thereafter it begins to 
decrease rapidly with the simultaneous separation of a white crystalline precipitate. At the 
base/acid molar ratio of 2.0, the conductance attains its minimum value. If the addition 
of the base solution is continued further, the conductance again begins to rise. The 
third break occurs when the base/acid molar ratio is 3.0. Any further addition of 
dimethylaniline solution increases the conductance only slightly. The explanation for 
the change in conductance during the titration can be offered on the basis of the exis- 
tence of ion pairs in solution. The addition of dimethylaniline solution to that of 
stannic chloride results in the formation of the acid salt, which is soluble in benzoyl 
chloride and is highiy ionised. ‘The conductance of the solution therefore rises rapidly, 


C,Hi,N + BzCl = C,H,,N*. Bz + 
C,H,,N*t. Bz + Cl” + 2Bz* + SnCl,?~ —> (C,H,,N.Bz). Bz.SnCl, + BzCl 
(C,H,,N.Bz).Bz.SnCl, Bzt + (C,H,,N.Bz.SnCi,7) 


Just after the first break, the formation of the norn al salt begins. This is insoluble 
and precipitates out. Due to the removal of the ions from the solution, the conductance 
begins to fall. 


+ Bz.SnCl,~) + CsH,,N*. Bz + Cl” —» (C,H,,N.Bz),SnCl, + BzCl. 


Atthe point of minimum conductance, the precipitation of the normal salt is 
complete. With further addition of the base, the formation of only slightly dissociated 
complex with the base/acid molar ratio of 3.0 starts and the conductance begins to 
increase. ‘This is complete at the third break and thereafter the slow increase in con- 
ductance is due to addition of dimethylaniline solution only. 


Titanium tetrachloride is soluble in benzoyl chloride only to a small extent and 
affords a monosolvate ‘Cullinane et al., J. Chem. Soc., 1952, 4106), which ionises as: 


TiCl,.BzCl + BzCl 2Bz*+ + TiCl,?~. 


a-Picoline, on the other hand, is appreciably soluble in benzoyl chloride 
and solutions of fairly high concentration can be prepared. In the titration that 
follows, therefore, «-picoline has been used as a titrant. 


On the addition of a solution of «-picoline in benzoyl chloride to that of titanium 
tetrachloride, the conductance increases progressively (Fig. 4). It reaches a maximum 
as the base/acid molar ratio becomes 1.0 and then begins to fall rapidly as a consequence 
of the separation of a yellow precipitate. The precipitation is complete at the base/ 
acid molar ratio of 2.0 and the conductance is at its minimum. If the addition of 
a-picoline solution is continued, the conductance again begins to rise. The curve 
shows two breaks corresponding to the formation of the acid salt, benzoy]-«-picolinium 
benzoylhexachlorotitanate, and the normal salt, bis-henzoyl-a-picolinium heaxchloroti- 
tanate. The former, being highly ionised, is responsible for the rapid increase in 
the conductance in the beginning of the titration. However, due to the limited 
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sulubility of the salt, it begins to go out of the solution phase asa yellow precipitate 
net the first break. Some points recorded near the first break therefore do not fall 


Fic. 4 
1-Picoline (0.3684 M/1) against TiCl, (0.1062 g.). 
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on the regular curve. The rapid decrease in {the conductance after the first break is 
due to the removal of the ions from the solution on account of the formation of the 
insoluble normal salt, After the second break, the slow rise in conductance is due 
to the addition of the weakly ionised benzoyl-z-picolinium chloride solution. The 
formation of the acid salt and its subsequent ionisation may be represented as: 


2Bz+ + TiCi~ + CsH,N*. Bz + Cl” — (C.H,N.Bz). Bz. TiCl, + BzCl 
(C,.H,N.Bz). Bz. TiC], = Bz*+ + 
The formation of the normal salt can be represented as: 


Bz+ + (C,H,;N.Bz.TiCl,~) + C,H;N.*Bz + 
(C,.H,N.Bz),TiCl, + BzCl. 


The tetrachlorides of tellurium and ‘zirconium, like those of tin and titanium, behave 
as dibasic acids in benzoyl chloride. These do not form any solid solvates under ordinary 


201 
the 
The “| 
of 
for 
is- 
t of 
oy] 
y. \ 
° 
is 
ed 
to 
n- | 
id 
le | 
n 
f 
1 7 
| 


202 Rs C. PAUL, J. S. JOHAR AND G. SINGH 


experimental conditions with benzoyl chloride (Paul, Bains and Singh, loc.cit.), but 
the existence of their solvates in solution is indicated by the high conductance of their 
solution. On account of the limited solubility of these tetrachlorides, the bases have 
been used as titrants. 


The curves obtained for the titrations of «-picoline against tellurium tetrachloride 
(Fig. 5) and zirconium tetrachloride (Fig. 6) are quite similar to that obtained in the 
case of the titration of «-picoline against titanium tetrachloride. ‘The curve in each 
case shows two breaks corresponding to the formation of the acid salt at the base/acid 
molar ratio of 1.0 and the normal salt at the base/acid molar ratio of 2.0. The acid salts, 
benzoyl-2-picolinium benzoylhexachlorotellurite and benzoyl-z-picolinium benzoylhexa- 
chlorozirconate, are soluble and ionised, while the normal salts, bis-benzoyl-«-picolinium 
hexachlorotellurite and bis-benzoyl-x-picolinium hexachlorozirconate, are insoluble 
and separate out as white solids. The explanation advanced in the case of the neutralisa- 
tion of z-picoliue with titanium tetrachloride is applicable in these cases also. 


x 
Vv 
a 
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150 

MOLAR RIO 
A—a-Picoline (0.2875 M/1)/TeCl, (0.0671 g.). 
B—Dimethylanline (0.4203 M/1) ,, (0.0663 g.). 


The observations recorded in the titrations of dimethylaniline against tellurium 
tetrachloride (Fig. 5) and zirconium tetrachloride (Fig. 6) are similar to those obtained 
in the titration of this base against stannic chloride. In both the cases three breaks 
corresponding to the base/acid molar ratios of 1.0, 2.0 and 3.0 are noticed in the conduc- 
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tance curves. ‘The course of reaction is similar to that of the neutralisation of stannic 
chloride against dimethylaniline, and can be expiained on similar grounds. 


Fic, 6 


RELATIVE CONDUCTANCE x10* 


O-S 2.0 25 
MOLAR PATIO. BaASE/ ACID 

A, a-Picoline (0.1967M/1)/ZrCl, (0.0108 g.). 
B. Dimethylaniline \0.2277M/l)/ZrCk (0.0308 g.). 


Antimony pentachloride acts as a strong monobasic acid in benzoyl chloride and 
furnishes a monosolvate (Seel, Z. anorg. Chem., 1943, 252, 24; Paul Bains and Singh, 
loc.cit.) with this solvent, which is dissociated and is soluble in excess of benzoyl 
chloride. Its dissociation may be represented as : 

SbCI,.BzCl Bzt + SbCI,~. 

The initial conductance of the acid solution arises from the dissociation of this 
selvate, but when a solution of quinoline in benzoyl chloride is added dropwise ‘Fig. 7), 
the conductance of the solution increases, which means that a more ionogenic compound 
is formed. . 


Bzt + SbCl,” + C,H,;N*.Bz + Cl” (C,H,;N.Bz)SbCl, + BzCl 
(C,H,N.Bz)SbCl, (C,H,;N*.Bz) + SbCI,~ 
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RELATIVE CONDUCTANCE 


pentachloride, provide similar curves. 
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Fic. 7 


4 


Lo 


2-0 ar 
MOLAR RATIO BNSE/ACID ———e 


A. Dimethylaniline (0.2571M/1)/SbClg (0.0411 g.). 


B. Quinoline 


(0.2384 ,,)/ ,, 


‘0.0383 g.). 


ExPERIMENTAL 


RELATIVE CONDUCTANCE 


Fic. 8 


As the addition of quinoline solution is continued, the conductance rises progressively 
until itreaches a limiting value corresponding to the formation of a 1:1 complex, 
benozoylquinolinium hexachloroantimonate, and then falls off beyoud this point. No 
further break in the curve is observed. The yellowish brown solution of antimony 
pentachloride becomes colorless at the point of maximum conductance and no preci- 
pitate appears throughout the titration. 


Dimethylaniline (Fig. 7) and 2-picoline (Fig. 8), when titrated against antimony 
In these cases also, only one break is observed 
and can be ascribed to the formation of benzoyldimethylanilinium hexachloroantimonate 
and benzoyl-2-picolinium hexachloroantimonate respectively. No solid separates during 
the titration. 


Bains and Singh, loc cit. ; Paul, Chander and Singh, loc. 
benzoyl chloride, purified as above, was again distilled in a special fractionating column 
and collected at a take-off ratio of 1:5. 


cit.). 


MOLAR RATIO BASE/ACIOD 


a-Picoline (0.3176M/1) 
against SbCl, (0.0681 g.). 


2.0 


Benzoyl chloride and the acids and bases were purified as already described (Paul, 
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For measurements of the specific conductance of the solutions of different bases in 
penzoy! chloride, special conductivity cell with a cell constant of 0.64, kept at a constant 
temperature of 28°, was used. 

The solutions were prepared in a dry box and the transfer of the solutions was 
carried out with the help of dry nitrogen under pressure. For couductometric titrations 
a glass conductivity cell, equipped with a microburette, replaceable platinum electrodes 
and calcium chloride guard tube, was employed. The resistance of the solutions was 
measured at 28° by using a precision measuring bridge type WBR No. 108 with logari- 
thmic indicator ainplifier type, TAV. IKC, No. 034 (Wissenschaftlich-Technische 
Werkstatten, Wielheim/Oby., Germany). 

In Figs. 1-8, molar ratio of acid to base or hase to acid has been plotted against 
relative conductance which is equal to 1/R. Cell cunstant has not been taken into 
account due to the difficulty of placing the electrodes in exactly the same positions in thie 


cell. 
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ACIDOID BEHAVIOUR OF CHARCOAL AS A FUNCTION OF ITS OXYGEN 
COMPLEXES. PART IV. MOISTURE ADSORPTION, HEAT OF 
WETTING AND EVACUATION OF CHARCOAL WITH 
DIFFERENT METAL CATIONS 


By Bauwant Rar Puri, KRISHAN MoRARI AND D. D. SINGH 


The replacement of surface H* ions by different alkali and alkaline earth cations, such as Li’, 
Na*, Mg**, Ca?* and Ba’*, results in making the charcoal surface more hydrophilic, as indicated 
by water-vapour adsorption isotherms and heats of immersion in water. The effect is more for 
monovalent than for bivalent cations and increases with increase in the amount of the cation intro- 
duced. The results of analysis of the gases, evolved on evacuating the charcoals with different 
amounts of the various cations, support the view that the acid character of charcoal is due to the 
presence of CO ,-complex, on account of which it undergoes surface ionisation in water, yielding 
H* ions directed towards the liquid phase. 


It has been shown in previous communications (Puri et al., this Journal, 
1957, 34, 357; 1958, 85, 189) that charcoal on account of the existence of CO,- 
complex along its surface undergoes surface ionisation in water as: 


Q-cO, + ——> 


where the circle represents the charcoal surface and -C a surface carbon atom. ‘The 
surface hydrogen ions, being directed towards the liquid phase, can bring about 
neutralisation of alkalies in accordance with the equation : 


Q-CO, 2Ht + 2MOH —-> 2Mt + 2H,0 vee (2) 
The metal cations have been actually located on the charcoal surface even after 
washing and drying, and it has been shown that these can be exchanged for other 
cations by suitable treatments (Puri et al., J. Sci. Ind. Res., 1958, 17B, 138). It was 
thought of interest to study the effect of different metal cations on such surface charac- 
teristics of charcoal as moisture-adsorption capacity and heat of immersion in water. 
There is another aspect of the problem. Garten and Weiss (Austral. J. Chem., 
1957, 10, 295) in order to explain the base adsorption by charcoal and the evolution 
of an equivalent amount of CO, from it on evacuation, first reported by Puri et al. 
(Chem. & Ind., 1956, B.1.F.R., 30’, suggested the presence of lactone groups at the 
charcoal surface, and represented the reactions involved as: 
O 


(II) 
the keto group accounting for the liberation of carbon monoxide. 
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Now, according to this mechanism, the corresponding salt of the acid (III in 
the above equation) on dega:sing at high temperatures should evolve the same amount 
of carbon dioxide as the original charcoal, while, if it is. formed according to the 
mechanism represented by equation 2, it should evolve more carbon dioxide than 


the original charcoal, as shown below : 


(c }-c6, ——> ( ) + CO, + Na,O 

(C) + CO, + 4Na ... 


the metallic oxide reacting at the prevailing high temperature with carbon to producc 
an equivalent amount of carbon dioxide in addition. 

This point can be verified by evacuating charcoal before and after replacing 
surface H* ions with different amounts of different metal cations. 
The work described in this paper was undertaken with these objectives in view. 


ExPERIMENTAL 


Sugar charcoal, prepared hy carbonisation of recrystallised cane sugar with H,SO, 
(conc.), followed by exhaustive washings with water, was used. Its base-adsorption 
capacity (b.a.c.), as determined by shaking 1 g. with roo c.c. of 0.2N-Ba{OH), solution 
for about 24 hours in the usual way, was found to be 674.8 m.e. per 1oog. ‘The 
H-cliarcoal was then converted into Lit-, Na*-, Ba**-, Ca?*- and Mg**- charcoals by 
shaking 10g. portions with increasing amounts of 0.2N solutions of the corresponding 
alkalies (using solid CaO and MgO for preparing Ca- and Mg-charcoals). The 
amounts of alkalies added were well within the base-neutralising capacity of the 
chircoal, The suspensions were refluxed for about 8 to 10 hours, followed by shaking 
for 48 hours. The clear supernatant liquid was decanted off and the charcoal was 
washed repeatedly with CO,-free distilled water to remove unchanged alkali, if any. 
The amounts of the various cations introduced into the charcoal complex were deter- 
mined by shaking 1 g. samples (oven-dried at 110°) with 100 c.c. of o.1N-HCI for about 
24 hours and estimating the amount of lithium chloride and sodium chloride brought 
into solution by evaporating an. aliquot of the clear supernatant liquid to dryness, 
and those of magnesium, calcium and barium by the usual gravimetric procedures, 

A sample of charcoal was also activated in steam at 1000° under optimum condi- 
tions (Singh et al., Indian J, Appl. Chem., 1958, 21, 187). 

Water Isotherms and Surface Area.—Water vapour adsoiption isotherms were 
determined at 25° by the procedure described before (Puri etal., this Journal, 1952, 
29, 841). Surface areas were calculated from the isotherms by the method suggested 
by Harvey (J. Amer. Chem. Soc., 1943, 65, 2343). 

Heats of Immersion.—Charcoal samples (2-4 g-) were taken into thin-walled 
glass bulbs and outgassed for about 2 hours at the room temperature. The heat of 
immersion was determined by breaking these bulbs in excess (300 c.c.) of water by 
following the technique described by Boyd and Harkins (ibid., 1942, 64, 1190). 
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Evacuation at 1200°.—The varc‘ous samples of charcoal (2g. portions) were 
subjected to evacuation at 1200° in a_ resistance-tube furnace and the gases evolved 
were analysed in an Orsat-Lunge gas-analysis apparatus in the usual manner. 

TaBLe I 


Effect of replacing H* ions by different amounis of different metal cations on 
water isotherms and surface areas of sugar charcoal. 


Amount of metal Amount of water vapour adsorbed (g./100 g.) at relative vapour pressure. Surface 


cations introduced area 
in exchange for (m.2/g,) 
H?* ion (m.e./100 g.). 0.10. 0.30. 0.50. 0.70. 0.90. 0-99. 
0.00 2.61 5.26 9-73 12-41 18.70 27.55 421.0 
(H-charcoal) 
Li--charcoal 
121.0 5-58 7-12 10.58 13.01 26.34 40.50 401.2 
157.3 7+24 9.44 12.86 18.79 29.48 47.32 426.5 
229.9 8.62 12.50 16.74 22 58 37-81 66.64 400-1 
266.2 9.91 12.68 18,81 24.02 40.12 72.66 440.2 
438.8 11.03 14.31 20.01 _ 26.09 45-90 80.56 430.8 
Na-charcoal 
96.8 5.20 7.21 10.19 13-53 25.76 40.20 400.4 
114.4 7.12 9-49 11.26 17.50 28.04 €1.00 398.4 
198.1 8.32 9.81 12.04 17.84 29.79 65.33 409.1 
220.0 g.o1 10.25 16.74 21.70 35-72 70.18 416.5 
448.9 10,98 12.39 17.01 22.68 36-94 76.89 406.8 
Mg-charcoal 
135.8 4.41 7.25 10.62 11.78 19.95 28 11 416.8 
232.5 6.36 9.01 11.42 12-59 21.90 32.04 44>.2 
409.0 9.30 11.42 14.10 17.56 27.62 37-82 399.2 
Ca-charcoal 
145.2 4.01 6.75 10.14 14.16 20.32 29.20 3997 
169-4 5-10 7.56 11.41 14.59 21.10 30.24 405.6 
411.4 7-51 9-42 12,21 15.82 25.24 36.24 433-9 
Ba-charcoal 
133.0 4.00 5-61 9.79 12,51 18.76 29.50 426.2 
217.8 4.71 7.02 10.82 13.62 20.06 30.15 4108 
425.6 7-10 9.82 13.22 16.23 23.56 33.58 430.8 
Steam-activated 3-72 13-95 15.72 28.91 36.36 45-27 po 
eharcoal 


DiscuSsSION 


From Table I it appears that the moisture-adsorption values increase at all 
relative vapour pressures on the replacement of H* ions by increasing amounts of 
different metal cations, and that the effect is more in case of monovalent than in the case 
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of bivalent cations. The replacement of H* ions to the extent of about 440 
m.e,/100 g. (out of total base-exchange capacity of 675 m.e./100 g. of the charcoal) 
for instance, causes two-foid to three-fold increase in the moisture-adsorption capacity 
of the charcoal from the atmospheres of different relative hvmiditics. It is also 
interesting to note that the adsorption val ues, obtaincd on the introduction of Li* or 
Na*, are even higher than those obtained on activating the charcoal in steam at 1000° 
under optimum conditions. This shows that the introduction of alkali cations makes 
the charcoal surface extremely hydr ophilic. At the same time this places at our 
disposal a very co1venient method for preparing an efficient water-adsorbent charcoal. 

Since the surface area of charcoal undergoes little or no change on the replace- 
ment of Ht ions by different metai cations (Table I, iast column), the increase in 
moisture-adsorption capacity of charcoal cannot be attributed to this factor. The 
increase is probably due to the greater surface ionisation of charcoal with metal 
cations than that of H-charcoal on analogy with greater dissociation of alkali salts 
of weak acids than that of the acids themselves. 


Fic. 1 
| 
‘ 
1. LU —CHARCOAL (438.8 m.€/100q-) 
2. Ma—CHARCOAL (446.9 
3. Mg— CHARCOAL (409-0 me/loog-) 
60 4. Ca—CHARCOAL (411-4 w-e/1009-) 
5. Ba— CHARCOAL (425.6 
6 H — CHARCOAL 
4s} 


AMOUNT ADSORBED 


0.72 0.84 09% 0996 1.08 


° 0.24 48 O60 . 
RELATIVE VAPOUR —_——~ 


The comparative effect «f the various metal cations is brought out clearly in 
Fig. 1, in which the isotherms of charcoal containing nearly the same amounts of 
different cations have been plotted. It is evident that lithium produces maximum 
increase, followed closely by sodium. Magnesium-, calcium- and barium-charcoals 
afford lower values probably due to smaller ionisation on analogy with the salts of 
these bases, The difference may also be partly due to a smaller degree of hydration 
of these ions. It is interesting to note in this connection that the effect of the 
various cations decreases in about the same order as their degree of hydration. 
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The replacenent of H* icus by other cations aiso causes an appreciable increase 
in the heat of immersion of charcoal in water (Table II), the increase, for a given 
cation, being in proportion to its amount, as isevident from the values recorded in the 
last column of Table II. The effect per m.e. is maximum in the case of lithium, followed 
closely by sodium, and is minimum in the case of maguesinm and barium, which — 
provide almost identicai values. ‘These results are in accord with those obtained for cati 
the moisture adsorpticn, recorded in Table I. ws 
tr 
TABLE II 
{ 
Heat of immersion of different samples of charcoal in water. , 
Amount of Heai of Increase in Amount of Heat of Increase in 
metal cations immersion. heat per m.e. metal cations immersion heat per me, 
it. troduced of the cation introduced of the cation 
in exchange introduced, in exchauge introduced, 
for H* ions. for H* ions. 
(H-charcoal) N 
Li-charcoal. Mg-charcoal. 
121.0 m.e./100 g. 2628.7 cal./100 g. 8.26 cal. 135.8 m.e,/100 g. 2162.1¢cal./roog. 396 Cal. 
157-3 2965-5 8.52 232.5 2532.3 3.90 
229.9 35794 8.50 409.0 3255-5 3.98 
266.2 3884.6 8.45 Ca-charcoal M 
438.8 5289.2 8.35 145.2 2402.4 5.35 
169.4 2557-3 5.50 
411.4 3847 4 5-41 
Na-charcoal. Ba-charcoal. 
96.8 2306.7 7.05 
114.4 2437-5 7:10 133.0 2130.3 3.80 
198.1 3029.9 7.09 217.8 2480 5 3-92 
220.0 3196.1 7.14 425.6 3327-3 4.00 R 
448.9 4816.9 7.11 
In order to see if the replacement of surface H* ions by the metal cations has 
produced any permanent change in the surface characteristics, all the samples of 
sodium charcoal were converted back into H-charcoal by leaching with dilute hydro- on | 
chloric acid, followed by repeated washings with water. The moisture-adsorption no 
capacity and the heat of wetting in every case were found to be the same as those of cati 
the original charcoal. These H-charcoals were then reconverted into sodium ind: 
charcoals and the values wete again found to increase to their previous levels. It (loc 
is evident therefore that the charcoal surfacz does not undergo any permanent change ; pro 
its characteristics at any time depend upon the nature and the amount of the surface Thi 
cations held by it. Co. 
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Tasie 


Gases evolved on evacuating different samples of charcoal containing 
different amounts of different cations at 1200°. 
Amount of metal Gases evolved (in mg./g.) on evacuation at 1200°. Increase Increase in 


cations introduced in COg CO, expec- 
in exchange of evolved _ ted theoreti- 


H* ions (mg./g.). cally 
im.e./100 g.). CO., co. H,O. Hy. (mg /g.). 
0.0 148.46 120.63 125 50 13.51 aes ane 
(H-charcoal) 
Li-charcoal 
121.0 177.88 119 ©¢ 126.65 13.50 29 42 26.62 
157 3 182.27 120.49 124.08 13-51 33-81 34.61 
229.9 201.08 121 05 125.50 12 95 52.62 50.58 
266.2 208.51 120.8 125.50 12.90 60 05 58.56 
4388 244 15 120 50 124 80 13.15 95.70 96.54 
Na-charcoal 
06.8 171.31 121.05 126 58 13.51 22.85 21 30 
1144 173 36 121.00 126.00 13.49 24.90 25.17 
198 1 194.01 120 63 125.90 13-40 45 55 43.58 
220.0 198.47 120.10 125.55 13-55 50.01 48.40 
448 0 248.40 121.68 126 go 13.59 99-94 98.76 
Mg-charcoal 
135.8 177-51 119.89 124.95 12.60 29.05 29.88 
232.5 202.39 120.63 125.80 13.69 53-93 51.15 
409.0 238.61 120.60 125.50 12.85 90.15 89.98 
Ca-charcoal 
145 2 180.95 121.69 125.95 13.50 32.49 31.04 
169.4 185.43 121.05 124.99 13-55 36.97 37-27 
241.36 121.15 125.50 13.69 92.90 90.51 
Ra-charcoal 
133.0 178.61 120.69 126.01 13.51 30.15 29.26 
217.8 198.46 121.00 125.59 12.99 50.00 47.92 
425.6 243.27 120.89 12§ QI 13.55 94 81 93.63 


The results of analysis of the gases, evolved from the various samples of charvoal 
on evacuation at 1200°, are recorded in Table III. It is seen that there is little or 
no change in the amounts of CO,H,O and H, evolved on the introduction of different 
cations However, an appreciable increase in the amount of CO, is noticed. This 
indicates that the mechanism of base adsorption, as postulated by Garten and Weiss 
(loc. cit.), may not be quite correct. It appears more likely that the mechanism 
proposed by Puri etal. (loc. cit.), as represented by equation (2), is nearer the truth. 
This view receives further support from the fact that the increase in the value of 
CO, evolved, as calculated from the amounts of the cations held by the charcoal, in 
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accordance \\ith equation (4), is quite close to the increase actually observed in every 
case with the exception of magnesium charcoal, where the increase actually observed 
is less than that expected theoretically, This diserepancy is understandable since it 
is well known that magnesium oxide does not part with its oxygen readily even at 
high temperatures. 

CHEMISTRY DEPARTMENT, 


PANjAB UNIVERSITY, Recetved December 21, ios. 
H OSHIARPUR. 
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A NEW VOLUMETRIC METHOD FOR THE ESTIMATION OF 
THIOCARBAMIDE 


By PRAKASH CHANDRA GUPTA 


A new method for the volumetric determination ct thiocarbamide with iodine and bicarbonate 
buffer is described. 


Several methods have been proposed from time to time for the determination 
of thiocarbamide, mostly based on its desulphurisation or complex formation with 
metal ions or its oxidation with various oxidising agents. None of them has 
been found to be entirely satisfactory. Most of the methods require extremely 
dilute solutions of thiocarbamide to be titrated and are very sensitive to slight 
variation of experimental conditions or are time-consuming. The external end-point 
used in Volhard’s method is not sufficiently sharp to provide accurate results. 
Oxidation with permanganate does not afford a satisfactory means of determining thio- 
carbamide (Cuthill and Atkins, J. Soc. Chem. Ind., 1937, 65, 57). Cuthill et al. also 
observed that in oxidation with chloramine-T in neutral solution, the oxygen consump- 
tion was less than the theoretical quantity. Moreover, oxidation with chloramine-T 
proved to be too sensitive to slight variations in experimental conditions to be useful. 
Oxidation with alkaline hypoiodite is also not very satisfactory, and oxidation with ceric 
sulphate or potassium dichromate in acid solution requires boiling under reflux and 
has other unsatisfactory features (Cuthill and Atkins, loc. cit.). That Mahr’s method 
(Z. anal. Chem., 1939, 117, 91), employing bromide-bromate mixture does not yield 
accurate or reproducible results has been shown by Appa Rao and Neelakantain 
(Indian J. Pharm., 1952, 14, 50). The iodimetric method of Werner (J. Chem. Soc., 
1912, 101, 2166) though simplest in technique and therefore most extensively used for 
thiocarbamide estimations, suffers from the disadvantage that the end points are not 
always sharp and the results are accurate only when the amount of thiocarbamide 
present does not exceed 0.2 g./litre. Later modifications of the iodimetric method by 
Cuthill and Atkins (loc. cit.) also did not prove very useful. In view of these facts, 
the determination of thiocarbamide was reinvestigated. 

The oxidation of thiocarbamide by iodine was tried under diverse experimental 
conditions in various media. It has now been found that thiocarbamide can be 
estimated more accurately in dilute or strong solutions by using iodine in presence 
of a bicarbonate buffer. The end-point of the reaction was observed by all the 
following three techniques, which further adopted the present reaction to a 
variety of conditions in which thiocarbamide might have to be estimated : 


(a) Visually—disappearance of iodine colour itself or the blue colour with starch 


solution. 
(b’ Potentiometrically— when a sudden fallin the KE. M. F. of the system occurs 


near the equivalence point. 
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(c) By employing excess of oxidant and back-titrating the excess of iodine 
with standard arsenious oxide solution. 

The corresponding amounts of thiocarbamide and iodine showed that the thio- 
carbamide was completely oxidised to urea and sulphate. The reaction invoived 
may be represented as: 


NaHCO 
CS(NH,), + 41, + CO(NH,), + Na,SO,. 


The effect of the quantity of bicarbonate as well as the concentration of thio- 
carbamide over a wide range has been investigated. Experiments were also 
conducted taking an excess of iodine solution, adding to it a known volume of 
thiocarbamide solution and titrating back the excess oxidant with arsenious oxide 
solution. The use of arsenious oxide in these estimations is of great advantage 
as it is obtainable in a very pure form and its solutions are stable even on long standing 
(Analyst, 1950, 78, 577) ; besides it serves asa direct primary standard for a rapid 
and accurate determination of iodine. This eliminates the need of prior standard- 
isation of iodine {solution. As will be seen from the results (Tables I to VI) 
thiocarbamide can be accurately estimated by a!l these techniques. 


EXPERIMENTAL 


Titrations using Starch End-points (Visual observation of end-point).—In each case, 
iodine solution (20 c.c.! of known strength was taken in a 250 c.c. conical flask and a 
10% solution of ‘Analar’ NaHCO, (20 c.c.) added. Thiocarbamide solution was then 
added dropwise from the burette and the end-point observed visually as usual by 
adding starch solution near the end-point. Results are presented in Table I. 


TaBLe I 


(End-point observed visually) 


CS(NH») 3 Iodine soln. Eg. vol. of thiocarb- found 
soln. taken. (20 c.c, taken). amide soln, 


0.1170 g./litre 0.01392 N 22.85 c.c. 0.1159 g./litre 99-08% 
0.4680 0.05500 22.40 0.4673 99 84 
0.7600 0.08913 22.40 © 7572 99.63 
1.1624 0 09391 15.40 1.1605 99.83 
1.2120 me 14.80 1.2075 99-63 
1.9980 ‘a 8.95 1.9970 99.94 
a 0.1040 9-90 I 9992 100.08 


Potentiometric Titration.—A Ni-Fe cell, capable of producing a constant potential 
of 4 or 6 volts, was employed as a convenient and reliable source of current for the 
potentiometer for preliminary adjustments, and a moving coil mirror-galvanometer with 
lamp and scale, for finer adjustments, were included in the circuit through a double pole 
double-throw switch. The ‘unknown cell’ was made of three parts : (i) a platinum wire 
which served as an indicator electrode, (ii) a saturated calomel electrode, serving as 
the reference electrode, and (iii) the salt bridge, obtained by filling a jelly of 3% 
agar in a saturated potassium chloride solution. Cambridge (Pye) Instrument in which 
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the E.M.F. was read directly on the dial was employed as the potentiometric system. 
The instrument was always standardised prior to actual experiments, with the help of 
a Weston cadmiuin cell. ‘The end-point or the equivalence point was detected quite 
easily by a sudden and large change in potential which occurred very close to the 
equivalence point or by calculating AE/AV, i.e., the change in E.M.F. per unit volume, 
as proposed by Hostetter and Roberts (J. Amer. Chem. Soc., 119, 41, 1337), AE/AV 
being maximum near the equivalence point. 

The potentiometric titrations of thiocarbamide against standard iodine solutions 
were performed in the following manner. ‘To an aliquot of iodine solution, taken in 
a1soc.c. Pyrex beaker, a known volume of the buffer (viz., a 10% solution of sodium 
bicarbonate) was added. ‘The titration vessel was kept in cold water to avoid any loss 
of iodine. The platinum electrode was dipped into the solution. The ‘unknown cell’ 
was placed in position A or B and the initial E.M.F. was measured by adjusting 
the slide-wire contact to zero deflection in the galvanometer. The thiocarbamide 
solution was run in slowly dropwise and after each addition the solution was stirred well 
and the potential value noted. Near the equivalence point, the titration was perforined 
with dropwise addition of the thiocarbamide solution with vigorous stirring. In the 
bezinning a gradual decrease in the potential was observed which showed a sudden fall 
at the equivalence point. After this the E.M.F. changed very slowly when an excess 
of the thivcarbamide solution was added. Observations of a typical experiment (maiked 
with an asterisk in Table III) are represented in Table II. Influence of (1) sodium 
bicarbonate buffer added, (ii) thiocarbamide concentration and (iii) iodine concentration 
was investigated. The results of various cxperiments have been summarised in 
Tables III, IV and V. 

TABLE Ii 


[0.09391 N-lodine soln. (20 c.c.) + 10% NaHCO, /20 c.c.) | 
Thiocarba- E/MVS. AE/AV. Thiocarba- E/MVS. AE/AV. Thiocarba- E/MVS. AE/AV. 


mide added. mide added. mide added. 

4.70 60.00 

0.00 ¢.c. 368.5 5-00 351-3 8.80 c.c. 301-0 
3.00 600 153.00 

0,50 367.0 6.00 345 3 8.90 285.7 
3.00 7.10 1183.00 

1.00 36565 7.00 338.2 9 167.4 
3-30 11,60 35-80 

2.00 362.2 8.00 326.6 9.50 149.5 
2290 24.00 20.00 

3.00 359-3 8.50 314.6 10,00 139.5 
3.30 38.00 10.50 

4.00 356.0 8.70 307.0 11.00 1290 


* Vol. of thiocarbamide soln. equivalent to the iodine soln. taken. 
Observed = 9.00¢.c. Calc. = 8.9449 ¢.c. 


ITI 


Effect of sodium bicarbonate added. 
Thiocarbamide soln. added = 1.998 g./litre. 0.9391 N-Iodine soln, taken = 20¢.c. 
10% NaHCO; added (c.c.) 0.0 5.0 10.0 *20.0 30.0 400 50.0 60.0 70.0 
CS(NHg), found (g/litre) ies 1.8424 1.9856 1.9856 1.0856 1.9856 1.9856 1.9856 1.9856 


% 92-2 994 99-4 99-4 99:4 4 90.4 


* Full details of this experiments are presented in ‘I'able II 
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It has been observed that whereas toosmall an amount of the bicarbonate 
causes incomplete oxidation of thiocarbamide, too large an excess of it has little adverse 
effect on the accuracy of the results. Presence of small amounts of sodium carbonate 
interferes. 


TABLE 1V 
- Effect of thiocarbamide concentration. 
Amount of thiocarbamide Amount of thiocarbamide 
Taken (g./litre). Found. Taken (g./litre) Found. 
0.1170 0.1159 g./litre 99.09% 1.1624 1.1605 g./litre 99-83°. 
” ” ” 1.2120 1.207§ 99-64 

0.4680 0.4673 99-85 1.9980 1.9970 99-94 
0.7600 0.7572 99-64 1.9992 100.08 

TABLE V 


Effect of iodine concentration. 
Tkiocarbamide Iodine soln. used. Thiocarbamide found, 


soln. taken 
A. 0.4580 g.litre 0.0550 N 0.4672 g./litre 99-85% 
eA 0.08882 0.4668 99-77 
RB. 1.9980 0.0550 1.9976 99-86 
» 0.09391 1.9860 99-40 


Back-titrations of Excess Oxidant against Arsenious Oxide.—In certain experi- 
ments, a known {excess) volume of iodine solution was taken, to which was added 
a 10% sodium bicarbonate and a known volume of thiocarbamide solution. The excess 
iodine was titrated potentiometrically against a standard solution of arsenious 
oxide. The difference between the initial (blank) and final titre values of As,0, 
corresponds to the iodine consumed, and therefore a direct determination of thio- 
carbamide can be achieved. 

A,O, + 21, + 2H,O = As,O, + 4HI 


or CS(NH,), = 8I = 2 As,O,. 
The results of these experiments are represented in Table VI. 
TABLE VI 
S. No. Thiocarbamide present. Thiocarbamide found, 

‘ 0.4680 g./litre 0.4692 g./litre 100.20 % 

2. ” 

3- ” ” ” 

1.2120 1.2145 ” 

1.21136 99-95 


The author is indebted to Principal S. S. Joshi, D. Se. #.R.I.C., for +is 
keen interest, guidance and for providing the necessary facilities and to Dr. R. H. 
Sahasrabudhey for his invaluable criticism and suggestions. Grateful thanks are also 
due to the Govt. of India for a Senior Research Scholarship during the course of these 
investigations. 
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SEARCH FOR NEW ANTIMALARIALS. PART V. SYNTHESIS OF SOME 
8-AMINOALKYLAMINO- AND 8-DIALKYLAMINOALKYLAMINO- 
CHROMONES 


By A. B. SEN AND P. R. SINGH 


Twentyfive 8-aminoalky'!amino- and diilkylaminoalkylamino-chromones have been swntlesised 
as possible antimalarials. 


In view of the antimalarials chloroquine and camoguine having proved to he 
effective amoebacidal agents (Conan, Amer. J. Trop. Med., 1948, 28, 107 ; Hoekenga 
etal , ibid., 1950, 80, 625), it was thought worthwhile to synthesise some compounds as 
antimalarials, based on the structure of certain potential amoebacides. Considering 
the high amoebacidal activity exhibited by the Mannich bases derived from substituted 
chromanones (2 : 3-dihydrochromones) (Wiley, J. Amer. Chem. Soc., 1951, 78, 4205), 
aminoalkylamino and dialkylaminoalkylamino side chains have been introduced in 
substituted chromones for studying their antimalarial activity. 


In the present investigation, the required 7-substituted chromones were obtained 
by reacting ethyl formate with various 4-substituted-2-hydroxyacetophenones in ether 
in the cold, following the method of Spiith and Lederer (Ber., 1930, 63, 743), modified 
by Joshi etal. (this Journal, 1959, 36, 59). The 7-methoxychromone was also 
demethylated with anhydrous aluminium chloride to 7-hydroxychromone. These 
chromones, on nitration at 0°, yielded the 8-nitrochromones (Joshi et a’., loc. cit.) which, 
op reduction with iron powder and water in the presence of ferrous sulphate (Hodgson 
and Marsden, J. Chem. Soc., 1944, 308), yielded the corresponding 8-aminochromones. 


The 8-aminoalkylamino- and 8-dialkylaminoalkylamino-chromoncs were prepared by 
refluxing the 8-aminochromones with various amino- and dialkylamino-alky] bromide- 
hydrobromides in dry benzene in the presence of an excess of anhydrous potassium 
carbonate and were isolated as dihydrochlorides in the usual way. The antimalarial 
activities of the compounds are under investigation at the Malaria Institute of India, 
Delhi. 
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ExPERIMENTAL 


4-Substituted 2-Hydroxyacetophenones.—Resacetophenone {Robinson and Shah, 
ibid., 1934, 1491) was methylated to paeanol (4-methoxy-2-hydroxyacetophenone) 
(Crabtree and Robinson, ibid., 1918, 118, 868). 4-Ethoxy-2-hydroxyacetophenone was 
obtained in the same way by ethylation with ethyl iodide and KOH in methanol, 
4-Methyl- and 4-ethyl-2-hydroxyacetophenones were prepared by the Fries rearranges 
ment of m-cresyl acetate (Rosenmund and Schnurr, Annalen, 1928, 460, 56) and 
m-ethyl phenylacetate (Sen and Tiwari, this Journal, 1952, 29, 357) respectively. 

7-Substituted chromones were prepared by following the method described by Joshi 
et al. (loc.cit.). To a suspension of powdered sodium (0.3M) in dry ether (50 c.c.) a 
cold solution of the substituted o-hydroxyacetophenone (0.1M) in dry and freshly 
distilled ethyl formate (25c¢.c.) was added in small lots with shaking. The reaction 
mixture was left for 4 hours in an ice-chest and then overnight at room temperature, 
after which the ethyl formate-ether mixture (1:10, 40 c.c.) was added and the whole 
refluxed for 1 hour on a water-bath. After cooling, water (100 c.c.) was added and 
the alkaline aqueous layer separated. It was strongly acidified with 50% H.SO, and 
heated on a water-bath for 1 hour. ()n cooling and subsequent neutralisation with 
solid sodium bicarbonate, the chromone separated out asa solid, which was filtered, 
washed with 5% aqueous sodium carbonate and then with water, and finally recrys- 
tallised from petroleum ether (b.p. 60-80°). 

The 7-methoxychromone was also demethylated to 7-hydroxychromone with 
anhydrous aluminium chloride. A solution of 7-methoxychromone (0,023M) in CS, 
was slowly added with stirring to a filtered solution of anhydrous aluminium chloride 
(0.048M) in CS,. The crystalline addition product was filtered and dried in vacuum. 
It was refluxed in benzene solution for 3 hours. The semisolid mass obtained on 
cooling was separated from benzene and poured in water (15 ¢c.c.). The 7-hydroxy- 
chromone separating was purified by dissolving it in hot benzene and reprecipitating with 
petroleum ether. The m.p., yield, etc. of these chromones are recorded in Table I. 


o m n e 
% Carbon. % Hydrogen. 
Found. Calc. Found. Cale. Formula. 


69.36 69.47 5-26 Cy) 
74.88 75.00 4. 5.00 
75-79 75-86 5-75 Cy) 
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7-Substituted 8-Nitrochromones.—Nitration of 7-substituted chromones resulted 
in the formation of the corresponding 8-nitrochromone (Joshi et al., loc.cit.), A 
mixture of H,SO, (d1.8, 4.2 c.c.) and HNO, (d 1.42, 1.4 ¢.c.) was slowly added with 
continuous stirring to a solution of the 7-substituted chromone (0.02M) in H,SO, 
(d 1.8, 17.5¢.c.). The mixture was kept at 0° for 4 hours and then poured over 
crushed ice (100 g.). The nitrochromone separated as a yellow solid which was filtered 
and recrystallised from ethyl acetate or ethanol. These nitrochromones are recorded 


in Table IT. 


I 
™ 


NO, 


% Nitrogen. % Nitrogen. 
Cale. M.P. Formula. Found. Cale. 


Yield. Found. 


12.61 


12.48 


OMe cee eee ess 267° 11.85 11.86 


ORt 219° 93% 5.87 5.96 271-72" 11.26 11.20 
Me 181° 96 6.81 6.83 204° CipHgQyN_q 12-77 12.73 
88 yO Ng 11.93 14097 


Oximes of the various chromones and nitrochromones, prepared in the usual way, 
are recorded in Table I and Table II respectively. 


7-Substituted 8-aminochromones were obtained by the reduction of the above 
nitrochromones with iron powder and water in presence of ferrous sulphate (Hodgson 
ard Marsden, loc.cit.). A mixture of the substituted 8-nitrochromoue (0.02M), iron 
powder (ro g.) aud ferrous sulphate (1 yg.) was refluxed in water (100 c.c.) for r hour ; 
ammonia (d 0.88, 1.c.c.) was added to precipitate iron and the solution was filtered. The 
aminochromone separated as fine needles on passing CO, in the filtrate and subsequent 


concentration and cooling. 


The aininochromones and their oximes and N-acetyl derivatives, prepared in the 


usual way, are recorded in Table IIT. 
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5-Dipropyi"aminobutyl bromide-hydrobromide was prepared by distilling 4-di- 
propyl” aminobutanol with 48% hydrobromic acid, following the method of Cortese 
(J. Amer, Chem. Soc., 1936, 58, 191), m.p. 93°, yield 53%. (Found: N, 4.47; 
Br, 50.41. C,oH,;NBr, requires N, 4.42; Br, 50.47%). 

8-Dipropyl” aminobutanol required for the above reaction was prepared from t-tra- 
methylenechlorohydriu (Kirner and Richter, ibid., 192¢, 51, 2503) (0.1M) aud dipropyl"- 
amine (0.13M) by a similar procedure as desciibed by Burnett et al. (ibid., 1937, 59, 
2248); b.p. 66-69°/r2 mm, yield 61%. (Found: N, 7.93. CywHesON requires 
N, 8.09%). 

5-Diethylaminobutyl bromide-hydrobromide was similarly obtained from tctra- 
methylenechlorohydrin and diethylamine, m.p. 117°, yield 67%. (Found: N, 4.81; 
Br, 55.27. CsH, NBr, requires N, 4.84 ; Br, 55.36%). 

8-Dipropyl” aminoethyl bromide-hydrobromide, 8-diethylamino ethy! bromide-hydro- 
bromide and 8-aminoethyl bromide-hydrobromide were prepared in the same way by thie 
known methods (Amundsen and Krantz, ibid., 1041, 68, 305; Cortese, loc. cit.). 


8-Aminoalkylamino- and 8-dialkylaminoalkylamino-chromones were obtained by 
refluxing the 8-aminochromones (0.05M) with various amino- and dialkylamino alkyl 
bromide-hydrobromides (0.05M) and anhydrous potassium carbonate (0.11M) in dry 
benzene for 5 hours, renoving the solvent and extraCting the residue with ether. Base 
dihydrochlorides were prepared by passing HCl gas intu the dried ether extract and 
then recrystallised from 75% ethanol. 


The oximes and the dipicrates of the bases were prepared by the usual procedures, 
The m.p., yield, analysis, etc. of the dihydrochlorides, oximes and dipicrates of the bases 
are recorded in Table IV. 


CHEMISTRY, D&PARTMENT, 
Lucknow UNIVERSITY, LUCKNOW. Received December 2, 1950 
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POSSIBLE ANTAMOEBIC AGENTS. PART XI. SYNTHESIS «'F 
COMPOUNDS ANALOGOUS TO ENTAMIDE 


By A. B. SEN AND O. P. MADAN 


Several substituted dichloroacetanilides have been synthesised fro:» subsituted N-alkylanilines with 
a view to testing them for their antamoebic activity. 


Recently Boots Pure Drug Co. have introduced a new synthetic amocbacide, 
Entamide (2 :2-dichloro-4’-hydroxy-N-methylacetanilide). Its action on E. histolytica 
is specific ; it is non-toxic, inexpensive and the treatment with it is convenient as no 
bed rest is required. Bristow et al. (Trans. Rov. Soc. Trop. Med. Hyg., 1956, 50, 
182) and Woodruff (Brit. Med. J., 1956, 1, 288; described it to be very useful for such 
patients who were symptomless cyst passers. 

The present work reports the synthesis of eleven substituted dichloroacetanilides 
(II) from the corresponding N-alkylanilines having different substituents (hydroxy, 
methoxy, chloro, iodo and methyl) in the nucleus and different alky] radicals (ethyl, 
propyl and butyl") at the nitrogen atom, with a view to studying their antamoebic 
activity. 


=— | 7 | 
Me 
(I) (II) 
(Entamide) { R’ and R” =substituents in the nucleus. 
R=substituent at nitrogen atom. 


3-Chloro-4-hydroxy-N-alkylanilines were prepared by refluxing 2-chloro 4-amino- 
phenol and different alkyl halides in absolute alcohol in the presence of calcined 
potassium carbonate. 3-Chloro-4-methoxy-N-alkylaniiines were obtained by the re- 
ductive alkylation of 2-chlorc-4-nitroanisole, following the method of Emerson and 
Mohrman (J. Amer. Chem. Soc., 1940, 62, 69) using acetaldehyde, acetone and 
butyr"aldehyde.  2-Methyl-4-iodo-N-alkylanilines were obtained similarly from 
2-methyl 4-iodoaniline, acetone and butyr"aldehyde. 


Dichloroacetanilides have been synthesised from 3-chloro-4-hydroxy-, 3-chloro- 
4-methoxy- and 2-methyl-4-iodo-anilines, 3-chloro-4-hydroxy- and 3-chloro-4-methoxy- 
and 2-methyl-4-iodo-N-alkylanilines by the action of dichloroacetyl chloride (in dichloro- 
ethane) following the method of Surrey (J. Amer. Chem. Soc., 1954, 76, 2216). 
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ExPERIMENTAL 


3-Chloro-4-hydroxy-N-alkylanilines.--The starting material for this was 2-chloto- 
4-nitrophencl which was prepared from p-nitrophenol acccrding to Christiansen 
(ibid., 1923, 45, 2192). ‘his was easily reduced to o-chloro-p-aminophenol wiih 
sodium hydrosulphite. (Reduction with zinc dust and NaOH or Fe and HCl was 
not found to be satisfactory). Attempts made for the synthesis of o-chloro-f-methyi- 
aminophenol and its sulphate (cf. Christiansen, loc. cit.) did net succeed. Hence, a 
large number of other methods were tried for the N-alkylation of o-chloro-p-amino- 
phenol, most of which were unsuccessful. 


Finally 2-chloro-4-N-ethylamino-, -propyl‘amivo- and -butyl"amino-phenols were 
obtained by refluxing 2-chloro-4-aminophenol with appropriate alkyl bromide or iodide 
accompanied with calcined potassium carbonate for 8 to 12 hours. 


2-Chloro-4-N-ethyluminophenol.—o-Chloio.p-aminophenol (4.3 g., 0.03 M), ethyl 
iodide (4.7 g., 0.03M) and calcined potassium carbonate (2.1 g., 0.015 M) were refluxed 
in absolute alcohol (30 c¢.c.) for S hours on a water-bath. Potassium iodide formed 
was filtered off, alcohol removed under reduced pressure and the ‘esidue was taken up 
in ether. The ether extract was washed with water, dried over anhydrous magnesium 
sulphate and finally the ether was removed. ‘The residue was distilled under reduced 
pressure when the phenol was obtained as a liquid, b.p. 172°/16 mm, which soon 
solidified and yielded a compound of m.p. 63-64°, yield 2.6 g. (51%). ‘Found: C, 
53-76; H, 5.44; N, 7.92. C,sH,.ONCI requires C, 55.07 ; H, 5-83; N, 8.16%). 


(0.03 M), propyl‘ iodide 
(0.03 M) and calcined K,CO, (0.015 M) were heated in absolute alcohol for ro hours. 
2-Chloro-4-N-propyl‘aminophenol was obtained in the usual way, m.p. 107°, yield 50% 
of the theory. (Found: N, 7.39. CyH,,ONCI requires N, 7.54%). 


2-Chloro-4-N-butyl"aminophenol was obtained in the same way by refluxing 
o-ohloro-p-aminophenol (4.3 g., 0.03 M) and butyl” bromide ‘4.1 g., 0.03M° in absolute 
a'cohol for 12 hours; b. p. 208°/6mm, yield 3.0g. (53%'. (Found: N, 6.85. 
,ONCI requires N, 7.01%). 


3-Chloro was prepated from 
o-chloro-f-nitrophenol, following the method of Hodgson and Handlay (J. Chem. Soc., 
1926, 543). 2-Chloro-4-N-ethylamino-, -propyl‘lamino- and -butyl”“amino-anisoles were 
obtained from o-chloro-f-nitroanisole, following the method of Emerson and Mohrman 
(loc. cit.). 


3.75 g., 0.02 M), butyr"- 
aldehyde (5.16 g., 0.06M), sodium acetate (0.4 g.) and absolute alcohol (35 c.c.) were 
refluxed for t hour. The mixture was then reduced catalytically using Raney nickel 
till no more of hydrogen was absorbed. On releasing the pressure, the mixture was 
removed from hydrogenation bottle. Raney nickel was filtered off and 2-chloro-4-N- 
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bulyl"-aminoanisole was obtained in the usual way asa yellow liquid, b.p. 188°/5 mm, 
yield 5.8 g. (75%). (Found: N, 6.50. C,,H,;ONClI requires N 6.55%). 


2-Chioro-4-N-ethylaminoanisole.— o-Chloro-p-nitroanisole (2.34g., 0.0125 M), 
acetaldehyde (5.5 g., 0.0125 M) and sodium acetate (0.2 g.) in absolute alcohol were 
directly reduced catalytically. The anisole was obtained in the usual way as a thick 
red liquid, b.p. 165°/5 mm, yield 2.1 g. (77%). (Found: N, 7.76. CyH,-ONCI 
requires N, 7.°4%). 


2-Chloro-4-N-propyl‘aminoanisole was obtained sunilarly from  o-chloro-f-nitro- 
anisole (3.75 g., 0.02M), acetone (4.64 g., 0.08M) and sodium acetate (0.2 g.) asa 
brownish yellow liquid, b.p. 132°/5 mm, yield 2.6 g. (54%). (Found: N, 6.82. 
C,,H,,ONCI requires N, 7.01%). 


The ficrate was prepared in absojute alcohol in the usual way, m.p. 172°. (Found : 
13.01. requires N, 13.06%). 


and 2-methyl-4- 
iodo-N-butyl“aniline were prepared from 5-iodo-2-aminotoluene by the method of 
Emerson and Mohrman (loc. cit.). 


2 Methyl-4-iodo-N-propyl‘aniline.—5-lodo-2-aminotoluene (4.78 g., 002M), dry 
acetone (4.64 g., 0.08 M), sodium acetate (0.4 g.) and absolute alcohol were heated 
on a water-bath for 1 hour and then reduced catalytically. The aniline derivative 
was obtained as a yellow liquil, b.p. 122°/6 mm, yield 2.7g. (47%). (Found; 
N, 5.18. CioH,,NI requires N, 5.00%). 


2-Methyl-4-iodo-N-butyl"aniline was obtained similarly from 5-iodo-2-aminotoluene 
(2.33 g-, 0.01 M) and butyr"aldehyde (1.44 g., 0.02 M) with sodium acetate and absolute 
alcohol as a light yellow liquid, b.p. 135-36°/5 mm, yield 1.0 g. (35%). (Found: N, 
4.51. C,,H,.NI requires N, 4.87%). 


The picrate was prepared in the usual way in alcohol, m.p. 140°. (Found: N, 
10.27. requires N, 10.61%). 


Dich!oroacetanilides were prepared from 3-chloro-4-hydroxyaniline, 3-chloro-4- 
methoxyaniline, 2 methyl-4-iodoaniline and from the corresponding N-alkylanilines 
mentioned above, foliowing the method of Surrey (loc. cit.). Dichlo:oacety! chioride 
(0.005 M) in dichloroethane (5 c.c.) was added gradually with stirring to a mixture of 
substituted aniline (0.005 M) in dichloroethane (15 ¢.c.) and 1N-NaOH (5 c.c.). 
The temperature was kept between o° and -5° by external cooling. The reaction mix- 
ture was stirred and was kept at room temperature overnight. Organic layer was 
separated, washed successively with 1 N-NaOH, water, 1 N-HCl and water. The 
dichloroethane extract was then dried over K,CO; (calcined). The dichloroacetanilides 
were obtained after removing dichloroethane and were recrystallised from suitable 
solvents as required or purified by distilling under reduced pressure. 


The m.p., b.p., yield, analysis etc, of d:chloroacet?nilides are recorded in Table T, 


= 
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TABLE I 


% Nitrog n. 
M.P. or B.P. Yield. Formula.. Found. Cale. 


R’ & R” =3-chloro-4-hydroxy. 


133° % 
176° CyoHOgNCly 
175° /smm Cy) 
129°/5 
( 
R’ & R” =3-chloro-4-methoxy. ‘erni 
75 CgHgO2NCly 
46 Cy) nitra 
65 CigH Cl, furni 
50 
R’ & R” =2-methyl-4-iodo. 
cou 
79 CgHgONCII 6:7 
134° 78 CygH, yONCII .62 Kin 
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STUDIES ON 6:7-DIHYDROXY.4-METHYLCOUMARIN AND ITS 
METHYL ETHERS 


By M. G. Pate, AND SURESH SETHNA 


6: 7-Dihydroxy-4-methylcoumarin and its dimethy] ether, on bromination with one mole of bromine, 
‘nrnish the 3-bromo compound, and wtih two moles of bromine, the 3: 8-dibromo compound. The 
methoxy derivative, however, affords the 3: 5-dibromo compound with two moles of bromine. In 
nitration, the 7-methoxy derivative yields the 5-nitro derivative whereas the 6 : 7-dimethoxy derivative 


furnishes the 3-nitro derivative. 


Considerable work has been done on the reactivity of various mono- and dihydroxy- 
coumarins, but the data regarding the reactivity of 6: 7-dihydroxycoumarins are meagre. 
6:7-Dihydroxycoumarin derivatives occur in nature and are therefore of interest. 
King et al. (J. Chem. Soc., 1954, 1392) and Gurbaksh Singh et al. (Chem. & Ind., 
1954, 1294) as a part of their studies on certain plant products brominated 6:7- 
dimethoxycoumarin and obtained the 3-bromo compound. Spiith and Dobrovonly 
(Ber., 1938, 71B, 1831) nitrated 6:7-dimethoxy- and 6-methoxy-7-hydroxy-coumarins 
and obtained the 3-nitro compound. The present work deals with the systematic 
study of the pattern of substitution in the more readily accessible 6:7-dihydroxy- 
4-methylecoumarin (Ia) and its 7-m2thoxy (Ib) and 6 : 7-dimethoxy (Ic) derivatives. 


[(a) R=R’=H. (b) R=Me;R’=H. (c) R=R’'=Mel 


(Ia) on bromination with one mole of bromine afforded the 3-bromo derivative, the 
dimethyl ether of which furnished a coumarilic acid derivative on treatment with 
alkali. With two moles of bromine, the 3 :8-dibromo compound was obtained, as seen 
by a direct comparison of its dimethyl ether with an authentic specimen, synthesised as 


follows: 
7-Hydroxy-8-bromo-4-methylcoumarin, obtained by the Pechmann condensation 
of 2-bromoresorcinol with ethyl acetoacetate, on methylation and the Elbs persulphate 
oxidation, yielded This on bro- 
mination and methylation afforded 6:7-dimethoxy-3 :8-dibromo-4-methylcoumarin, 
which on boiling with alkali furnished a bromocoumarilic acid. (Ib) afforded with one 
mole of bromine the 3-bromo product, but with two moles, a dibromo product was 
obtained, the methyl! ether of which furnished a bromocoumarilic acid. As the dibromo 
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compound is different from the 3:8-dibromo product, described above, it must be the 
3:5-dibromo derivative. (Ic) yieided the 3-bromo and the 3:8-dibromo derivatives 
when brominated with one and two moles of bromine respectively . 

iodination of (Ia), (Ib) and (Ic) with iodine and iodic acid, iodine aud ammonia, 
and iodine monochloride under varying conditions did not succeed. With iodine 
monochloride (ib) furn'shed a chloro compound which has not been investigated. 

(Ia) on nitration gave rise to an unworkable mass from which no pure product 
could be obtaincd. (Ib), however, afforded a compound different from 7-methoxy-6- 
hydroxy-8-nitro-4-methylcoumarin, synthesised by the Elbs persulphate oxidation of 
7-methoxy-8-nitro-4-methylcoumarin. It remained unchanged on heating with liquor 
ammonia. It is therefore 7-methoxy-6-hydroxy-5-nitro-4-methylcoumarin. On de- 
methylation, the nitro group was eliminated and 6:7-dihydroxy-4-methylcoumarin was 
obtained. (Ic) on nitration yielded the 3-nitro compound which on reaction with liquor 
ammonia furnished 2-hydroxy-4:5-dimethoxyacetophenone. The nitro compound was 
reduced to the 3-amino compound and also demethylated to 6:7-dihydroxy-3-nitro-4- 
methylcoumarin. 

The Friedel-Crafts acetylation of (Ia) and (Ib) and the Fries migration of 6:7- 
diacetoxy 4-methylcoumarin did not succeed, only (Ia) was obtained. 7-Methoxy-6- 
acetoxy-4-methylcoumarin on the Fries reaction at 12-30° furnished (Ia) and at lower 
temperatures, (Ib). Seshadri et al. (J. Chem. Soc, 1954, 3065) have obtained 6:7- 
dihydroxy-8-acetyl-4-methylcoumarin by the Elbs persulphate oxidation of 7-methoxy- 
8-acetyl-4-methyleoumarin. It may be mentioned here that when direct substitution 
in 8-position is not possible, the Elbs persulphate oxidation of 7-methoxy-8-substituted 
coumarins offers a convenient method for the synthesis of 8-substituted 6:7-dihydroxy- 
coumarins, 


*EXxPERIMENTAL 


Bromination.—To the coumarin derivative {2 g.), dissolved in a minimum quantity 
of glacial acetic acid, the required quantity of bromine solution (10% in acetic acid) 
was added dropwise; after 4 hours the product, which separated or was obtained by 
dilution with water, was washed with dilute acetic acid and then crystallised from either 
acetic acid or ethanol. 


Methylation.—The methyl ethers were prepared by refluxing the acetone solutions 
of the compounds with dimethyl sulphate in the presence of anhydrous potassium 
carbonate and crystallised from acetic acid or alcohol. In the methylation of 7-methoxy- 
6-hydroxy-3 : 5-dibromo-4 methylcoumarin, benzene was used as the solvent as it was 
found to decompose in acetone solution. 


7-Hydroxy-8-bromo-4-methylcoumarin.—To a mixture of 2-bromoresorcinol (1.9 g.) 
and ethyl acetoacetate (1.6 c.c.), 80% H.SO, (10 c.c.) was added with external cooling. 
The solid separating on pouring the reaction mixture next day on crushed ice was 
crystallised from acetic acid in needles, m.p. 255-57°, yield 1.9 g. (Found : Br. 31.3. 
C,,H,O,Br requires Br, 31.4%). 


*All melting points are uncorrected. 
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The methyl ether was crystallised from alcohol in needles, m.p. 206-208°. 
(Found: Br, 30.9. C,,H,O;Br requires Br, 290.7%). 

6 Aydroxy-7-methoxy-8-bromo-4-methylcoumarin.—The above methyl ether (2.7 g.) 
was dissolved in 10% NaOH (30 c.c.) by warming on a steam-bath. It was then 
oxidised with potassium persulphate (3g. in 6o0c.c. of distilled water) according to 
Parikh and Sethna (this Journal, 1950, 27, 364). The product obtained was crystallised 
from dilute ethanol in needles, m.p. 220-21°. (Found: Br, 28.2. C,,H,O,Br requires 
Br, 28.1%). 

6-Hydroxy-7-methoxy-3 :8-dibromo-4-methylcoumarin.—To the abov: coumarin 
(2.8 g.), dissolved in minimum quantity of acetic acid, bromine (1.6 g.) in acetic acid 
(16 c.c.) was added. The product, which separated on keeping at room temperature for 
2 hours, was crystallised from ethanol as yellow needles (2.8 g.), m.p. 257-58°. (Found: 
Br, 44.4. C,,H;0,Br, requires Br, 43.9%). 

The methyl ether has been described in Table I. 


TABLE I 


Products obtained on bromination. 
Completely 
methylated 
products of 


the bromo 
compounds 

% Bromine. shown in 
No Substance. Products obtained. MP. Formula. Found. Cale. column 3. 


6 7-Dimethoxy-3- 205-206° CjgH),O4Br 26.4 26.7 


. 6: 7-Dimethoxy-M 


bromo-M 

2. 6: 7-Dimethoxy-3:8- 215-16° 42.8 42.3 
dibromo-M 

3. 7-Methoxy-6< 7-Methoxy-6-hydroxy- 237-38° C),Hg0,Br 28.6 28.1 a 

hydroxy-M 3-bromo-M 

4. 7-Methoxy-6-hydroxy- 200° C), Hg0,Br, 44. 44.0 b 
3: 5-dibromo-M * “ 

5. 6: 7-Dihydroxy-M 6 : 7-Dihydroxy-3- 244-45° CipH70,Br 30.1 29.5 c 

bromo-M 
6. 6: 7-Dihydroxy- 267-68° 45-1 45-7 d 
3: 8-dibromo-M 


a. Methyl ether same as 1 (column 3). 
b. Methylether, m.p. 195°. (Found: Br, 43.00. C)yH,,OgBr, requires Br, 42.3%). 
c. Methyl ether same as 1 ‘colu'nn 3). 
d 
* 


Methyl ether same as 2 (column 3). 
Obtained on heating the parent compound with 4 mols. of bromine in acetic acid on a steam-bath 


for 4 hours. Product crystallised from alcohol in needles. 
denotes -4-methylcoumarin (columns 2 and 3). 


5 :6-Dimethoxy-3-methylcoumarilic Acid.—6 :7-Dimethoxy-3-bromo-4-methyleouma- 
rin fo.5 g.) was refluxed with alcuholic potash (25 c.c., 10%) for 2 hours on a 
steam-bath. The product, obtained on acidification of the diluted solution, was purified 
through sodium bicarbonate solution. It was crystallised from acetic acid in thin 
plates, m.p. 220°. (Found: C, 61.4; H, 5-3. C,.H,.0; requires C, 61.0 ; H, 5.1%), 
It developed a violet coloration with H,SO, (conc ). 
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5 :6-Dimethoxy-7-bromo-3-methylcoumarilic acid was obtained from 6 : 7-dimethoxy- 
3 :8-dibromo-4-methyleoumarin as above. It was crystallised from acetic acid in 
needles, m.p. 270-72°. (Found: Br, 25.5. C,2H,,O;Br requires Br, 25.4%). It 
developed a violet coloration with H,SO, (warm, conc.), 

5 :6-Dimethoxy-4-b10mo-3-methylcoumarilic acid was obtained from 6 : 7-dime- 
thoxy-3 :5-dibromo-4-methylcoumarin as above and crystallised from acetic acid in 
white needles, m.p. 240-44° (decomp.). (Found: Br, 25.2. Ci2H,,0;Br_ requires Br, 
25.4%). It showed a greenish coloration with H,SO, (warm, conc.). 

6-Hydroxy-7-methoxy-8-nitro-4-methylcoumarin.—7-Methoxy-8 nitro-4-methylcou- 
marin (1 g.) was oxidised with potassium persulphate as usual. The product obtained 
was crystallised from dilute alcohol in needles, m.p. 255-56° (decomp.). (Found: N, 
5.6. C,,H,O.N requires N, 5.6%). 

(2.2 g.) 
was dissolved in acetic acid and a mixture of nitric acid (2 ¢.c.) and acetic acid (6c.c) 
was added dropwise at room temperature with stirring. Bright yellow needles 
separated after stirring for some time. The reaction mixture was poured on crushed 
ice and filtered. The product obtained was crystallised from acetic acid in bright 
yellow needles, m.p. 215-17°. (Found: N, 4.9. C,2H,,0.N requires N, 5.2%). 

The above 3-nitrocoumarin (1 g.) was boiled with liquor ammonia (60 c.c.) for 
2} hours on a steam-bath ; the solution obtained on acidification was extracted with 
ether and the residue obtained after removal of ether was extracted with benzene. 
The product obtained on removal of benzene was crystallised from water, m.p. 112-14°. 
Mixed m.p. with 2-hydroxy-4:5-dimethoxyacetophenone, prepared according to 
Bargellini and Aureli (Atti R. Accad. Lincei, 1911, v, 20, 118) was not depressed. 


6:7-Dimethoxy-3-amino-4-methylcoumarin.—To 6:7-dimethoxy-3-nitro-4-methyicou- 
marin (2.6g.) and stannous chloride (14 g.), HCl (cone., 100 c.c.) was added and the 
reaction mixture heated under reflux for 3 hours. It was made alkaline with ammonia 
and repeatedly extracted with ether. The pale yellow solid obtained on removal of 
ether was crystallised from benzene-petroleum ether in silky needles ‘1.3 g.), m.p. 
164-65°. (Found: N, 5.6. C,2H,;0,N requires N, 6.0%). 

6 : 7-Dimethoxy-3-nitro-4-methy!couma- 
rin was demethylated with hydriodic acid in acetic anhydride. The product obtained 
was crystallised from very dilute alcohol in thin plates, m p. 229-30°. (Found: N, 6.0. 
C,oH,O.N requires N, 5.9%). 

methyl- 
coumarin (2.06 g.) was suspended in acetic acid (40 ¢.c.) and a mixture of fuming 
nitric acid ‘2 c.c.) and acetic acid (6 c.c.) was added dropwise at room temperature with 
stirring. ‘The product separating was crystallised from alcohol in thin plates, m-.p. 
220-22° (decomp.). (Found: N, 5.2. (C,,H,O,N requires N, 5.6%). 

One of the authors (M. G. P.) thanks the Government of India for the award of a 
resecrch scholarship. 
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SEARCH FOR NEW AMOEBACIDES. PART iv 
By K. L. PATHAK AND B. PsTHAK 


Syntheses of 2-8-diethylaminoethy]-3-alkyl-4-chloro-5- or -7-iodo-8-hydroxyquinolines have been 
effected having alkyl substitution of Me, Et, Pr*, Bu" and amyl" groups with the object of observing 
their amoebacidal activity. 


Some halo-8-hydroxyquinolines, like chinifon, vioform and diodoquine, possess 
pronounced amoebacidal activity. Burckhalter and Edgerton (J. Amer. Chem. Soc., 
1951, 78, 4837) observed high in vitro amoebacidal activity in 5-chloro-7-diethyl- 
aininomethyl-8-quinolinol. Koushiva (J. Sci. Ind. Res-, 1457, 16C, 224) observed 
high in vitro amoebacidal activity existing among compounds of the types A and 
B, where R = Bu” or C,H;3;". In view of these observations it has been considered 


worthwhile to synthesise and investigate amoebacidal activity in compounds of the 


type C. These compounds: 


MeO R 


Meo” “ \cu,.CH,.NH, MeO Me NCH,.CH,.NEt, 


oH 
(A) (B) 
have been synthesised by the following route : 


OH 


\cuH,.CH,.NEts WY Cis NEts 


OMe OH 
(III) (IV) 


Vields of compounds of type (I) gradually decrease with the increase of carbon 
atom in the alkyl group. Iodination of compounds (1V) has been attempted with 
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different iodinating agents, like a solution of I, in KI in aqueous, alcoholic and acetic 
acid media, iodine in benzene as well as ICI in chloroform, benzene and acetic 
acid media respectively ; but in all cases erratic results have been obtained. Iodina. 
tion has been effected successfully by gradual acidification with dilute acetic acid 
a mixture of compound (IV) in dilute KOH and iodine in dilute KOH. The 
exact position of iodine ‘5 to 7) has not been ascertained. Hydrochloride or hye 
droiodide of compound (C) (R=C,H,;) could not be crystallised. 


*EXPERIMENTAL 


2:3-Dimethyl-4-hydroxy-8-methoxyquinoline (I: R=Me).—A mixture of o-anisi- 
dine (1M), 2-methyl acetoacetic ester (1 M) and a few drops of HCl (dil.) was 
kept overnight and it was then heated in an oil-bath at 120° to 130° in a Dean 
and Stark apparatus till no more water had collected. Benzene was then distilled off 
on the oil-bath and the residual viscous mass was poured into boiling dipheny] 
oxide. After boiling for 15 minutes, the mass was cooled, diluted with petroleum 
ether (b.p. 60-80°), kept overnight, filtered and washed with fresh petroleum ethc:. 
The crude yield was 55%. It crystailised from alcohol in white needles, m . 
289-91°. (Found: C, 70.5 ; H, 6.6. C,,H,,;0,N requires C, 70.94 ; H, 6.4%). 
2-Methyl-3-ethyl-4-hydroxy-8-methoxyquinoline (I:R=Et) was prepared from 
a mixture of o-anisidine and 2-ethyl acetoacetic ester in 65% yield. It was 
crystallised from alcohol in white needles, m.p. 288°. (Found: C, 71.5; H, 6.7. 
C,3H,s0,N requires C, 71.88; H, 6.91%). 
(I:R=Pr") was prepared from 
a mixture of o-anisidine and 2-propyl" acetoacetic ester in 57% yield. It was 
crystallised from alcohol in white needles, m.p. 198-200°. (Found: C, 72.4; H, 
7.1. Cy4H,70,N requires C, 72.73 ; H, 7.36%). 
2-Methyl-3-butyl"-4-hydroxy-8-ethoxyquinoline (1:R=Bu") was prepared from 
a mixture of o-anisidine and 2-butyl” acetoacetic ester in 52% yield. It was crys- 
tallised from alcohol in white needles, m.p. 196-97°. (Found: C, 73.1; H, 7.5. 
C,sH,,0,N requires C, 73.47; B, 7.75%). 
2-Methyl-3-amyl"-4-hydroxy-8-methoxyquinoline (I: R= amyl") prepared 
from a mixture of o-anisidine and 2-amyl" acetoacetic ester in 55% yield, 
It was crystallised from alcohol in white needles, m.p. 165°. (Found: C. 730 ; 
H, 7.9. CisH2,0.N requires C, 74.13; H, 8.12%). 
2-Methyl-3-hexyl"-4-hydroxy-8-methoxy quinoline (I: R=C,H, 5") was prepared from 
a mixture of o-anisidine and 2-hexyl" acetoacetic ester in 42% yield. It was 
crystallised from alcohol in white needles, m.p. 152°. (Found: C, 74.4; H, &.1. 
C17H.302N requires C, 74.71 ; H, 8.42%). 
2 :3-Dimethyl-4-chloro-8-methoxyquinoline (II: R=Me).—A mixture of (I:R=Me) 
(15 g.), POC], (35 ¢.c.) and PCI; (3 g-) was heated in an oil-bath at 125-30° for 
5 hours, The product was then cooled and poured on ice. ‘The aqueous solution 
was partly neutralised, clarified with charcoal and basified with ammonia uncer 
cooling. The chloro compound separated out in fine needles. It was crystallised 


* Melting point are uncorrected. 
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fram petroleum ether (b.p. 60 80°) in colorless fine needles, m.p. 122-33", yield 4 g. 
(“ound: C, 648; H, 5.3. Ci2H, ONCI requires C, 65.01; H, 5.41%). The picrate 
crystallise] fron alcohol in deep yellow needles, n.p. 204-206°. 

2-Methyl-3-ethyl-4 chloro-8-methoxyquinoline (II: R=Et) was crystallised from pe- 
troleum ether (60-8c°) in colorless fine needles, mp. 115°. (Found: C, 66.0; H, 
5.0. Cys;H4ONCI requires C, 66.24; H 5 94%). he picrate crystailised from alcchol 
in vellow needles, m.p 163-65°. 

(II: R=Pr") was crystallised from 
petroleum ether ‘b.p. 60-80°) in colorless needles, m.p. 122-23°. (Found: C, 67.0 ; H, 
6.1. CysH,,ONCI requires C, 67.33; H, 6.41%). The picrate was crystallised from 
alcohol in ye!low needles, m.p. 165-66°. 

2-Methyl-3-butyl"-4-chloro 8-methoxyquino'ine (II: R=Bu") was crystallised from 
petroleum ether (60-80°) in colortess needles, m p. 96-07°. (Found: C,68o0: H, 6.6. 
C.sHisONCI requires C, 68.31; H, 6.83%). The picrate was crystallised from alcohol 
in yellow needles, m.p. 165-67°. 

2-Methyl-3-amyl"-4-chloro-8-methoxyquinoline (IJ :R=amyl") was crystallised from 
petroleum ether (5080°) in colorless needles, mp. ror-102°. (Found: C, 68.7; 
H, 7.0. C.H2ONCI requires C, 69.18; H, 7.2%) ‘The picrate was crystallised from 
alcohol in yellow needles, m.p. 161-62°. 

: R=C,H,,”) was similarly crystal- 
lised in colorless needles, m.p. 0697°. (Found: C, 60.6; H, 7.2. C.,H.,ONC! 
requires C, 69.08; H, 7.55%). The picrate was crystallised from alcohol in yellow 
needles, m.p. 120-32”. 

2-8-Diethylaminoethyl-3-methyl-4-chloro-8-methoxyquinoline (IIT: R = Me).—A 
mixture of (II: R= Me) (6.6 g.), diethylamine hydrochloride (3.3 g¢.), paraformal- 
dehyde (1.8 g.) and 3 drops of HCI (conc.) in absolute alcohol (10 ¢.c.) was heated on 
a water-bath. After an hour a further amount of paraformaldehyde (1 ¢.) was added 
and heating continued for another 2 hours. Alcohol was removed on a water-hath, 
the product was dissolved in water, basified with NaOH and the base was extracted 
with benzene. The benzene solution was dehydrated (Na.SO,) and dry HC! gas was pas- 
sed in it when the hydrochloride sep rated out. It was then filtered and washed with 
dry acetone. The substance was highly hygroscopic. The picrate was crystallised 
from a large volume of alcoho! in brown needles, mp. 195-06°. (Found: N, 13.4 
requires N, 13.07%). 

The picrates of other 2 8-diethylaminoethyl-3-alkyl-4-chloro-8-methoxyquinolines 
(III : R=alkyi) are described in Table I. ‘These were all crystallised from alcohol. 


TABLE I 


Picrate of Cryst. shape. M.-P. Formula. % Nitrogen. 
(IT). R= Found. Calc. 


Et. Brown needles 178-79° CogH 13.10 12 74 
Yellow 158-60° 12.60 12.43 
Bu" 1§1-52° CogHzOgN5C! 12.30 12.12 
Amy!" 129-30° 12.10 11.83 


Hexyl* ” 139-40° 11 40 11 55 
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2-8-Diethylaminoethyl-3-methyl-4-chloro-8-hydroxyquinoline (IV: R = Me).—A 
mixture of crude (III: R=Me) (7g.), H,SO, (conc., 50 ¢.c.) and water (28 c.c.) was 
refluxed for 6 hours. The product was then poured on ice, partly neutralised, clari- 
fied with charcoal and finally basified with NH, under cooling. The viscous brownish 
mass was then dissolved in dilute NaOH solution. On acidification with acetic acid, 
a semisolid hydroxy compound separated out. It developed a greenish colour with 
FeCl, in alcoholic solution. The picrate was crystallised from alcohol in yellow 
needles, m.p. 193-94°. ‘Found: N, 13.6. C..H,,0,N;Cl requires N, 13-43%). 

Picrates of 2-$-diethylaminocthyl-3-alkyl 4-chloro-8-hydroxyquinolines (IV) were 
crystallised from alcohol in yellow needles. The m.p. and analysis of the picrates are 
recorded in Table IT. 


IT 
Picrates of MP. Formula. % Nitrogen. 
(IV). R= Found. Cale. 
Et 190-92° Co3H 13.10 13.07 
Pr“ 170-71" 12.80 12.74 
Bu" 115-16° 12.30 12.43 
Amy!" 125-26° 12.50 12.12 
Hexyl" 126-27° CyHyOgN;Cl 12.10 11.82 
Til 
(C) R=. Halides. Cryst. from. M.-P. Formula. % Todine. 

Found. Cale 
Et HC! FtOH+EtAc 184-86° 26.60 27.08 

Et HI EtOH 166-68° 
HI ” 177-79° 43 80 44.20 
Bu" HI 172-73° CigHgON, CIT, 43-05 43 10 
Amyl" HCI EtAc+EtOH 162-64° Co9Hg00,C1,T 24.20 24.85 


2-8-Diethylaminoethyl-3-methyl-4-chloro-5 or -7-iodo-8-hydroxyquinoline (C : R= 
Me).—Crude (IV: R=Me) (5 g.) was dissolved in 200 c.c. of 2% KOH and filtered. 
To this solution was added a solution of iodine (5 g. in roo c.c. of 3% KOH) and the 
mixture was gradually acidified with dilute acetic acid under stirring during a period 
of half an hour. The mass was left overnight, filtered, triturated with a solution of 
dilute Na,S,0; and NH;. The pasty greenish brown mass was then dissolved in 
benzene, the benzene solution was dried (Na,SO,). Hydrochloride was prepared by 
passing dry HCl gas into the benzene solution under cooling. Monohydrochloride 
crystallised from a mixture of absolute alcohol and ethyl acetate, m.p. 185-86°. (Found: 
I, 27-1. CysH2,ON,CI,I requires I, 27.9%). 

The properties of hydrochlorides and hydroiodides of other 5- or 7-iodo-S-hydroxy- 
quinolines (C) are recorded in Table ITI. 

The authors are grateful to the University of Calcutta for the grant of special 
research fund for chemica!s. 


DEPARTMENT OF APPLIED CHEMISTRY, Received November 13, 1959. 
UNIVERSITY OF CALCUTTA, CALCUTTA. 
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CHROMATOGRAPHIC STUDY OF ANIONIC COMPLEXES, PART V. 
SEPARATION OF IONS IN PRESENCE OF TARTRATE USING 
METHANOL AS SOLVENT 


By Eric JoHN SINGH AND ARUN Kumar Dry 


Attempts to separate Cu%*, Ni’*, Co%*, Cd?+ and Fe%*+ in mixtures by filter paper strip 
chromatography have been made, using tartrate as complexing agent and aqueous methanol as 
solvent. The effect of adding varying concentrations of the complexing agent to rhe solution 
has been studied. The Ri and Rr values have been determined in each case. In general, 
good separation of ions occurs when total metal to tartrate ratio is below 1:1; with higher 
concentrations of tartrate, separation is not possible. The Ri and Rr values change with 
the concentration of ion, and therefore their use in qualitative analysis may be regarded to be 
limited. But, nevertheless, we have cbserved that it is possible to separate the ions and detect 
them on filter paper qualitatively after separation. The figures show clearly the sequence of 
separation of the ions though the Rr values of the ion at the top merges into the Rr of the ion 
separating out next. These results therefore qualitatively show that the complex-forming property of 
the ions may be useful in the separation of these ions from mixtures. 


In a number of previous publications, we have described our studies on the 
diffusion of various metal ions through filter paper strips in the presence of 
varying concentrations of different complexing agents, using aqueous alcohol as 
solvent (Singh and Dey, Z. anal. Chem., 1958, 189, 200, 332; 1959, 165, 81, 179; 
]. Chromatog., 1959, 2, 95; 1960, 3, 146; Proc, Nat. Acad. Sci., India, 1959, 28A, 
43, 87). 

In the present communication we have extended the studies to separations using 
aqueous methanol as solvent and recorded only some of the typical observations 
out of a very large number of experiments, 


ExPERIMENTAL 


Standard solutions of sodium tartrate, cupric sulphate, cobalt sulphate, nickel 
sulphate, ferric sulphate and cadmium chloride were prepared, using reagent 
grade chemicals. The method adopted was the strip filter paper chromatographic 
technique, using an arrangement described by Gage, Douglass and Wender (J. Chem. 
Ed., 1950, 27, 159). Various concentrations of methanol were tried and 50% methanol 
was found suitable as a solvent for the separations. A series of mixtures containing 
equal concentrations of metal solutions with varying proportions of sodium tartrate were 
prepared, keeping the total volume constant. The ratio of the total concentration of the 
metals (obtained by adding the concentrations in molarity of the metals) to the concen- 
tration of tartrate added is expressed as the metal: tartrate ratio (equivalents of 
tartrate). The mixtures were spotted on filter paper strips, prepared from Whatman 
filter paper No. 1. The chromatograms were run at a constant temperature in a room, 
with temperature controlled at 30°, end the time allowed was 1.5 hours for diffusion, 
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In order to ascertain whether a good separation is taking place in mixtures or 
whether overlapping is occurring between two ions, Ri and Rr values instead of R; 
values are often useful (Majumdar and Chakrabarty, Anal. Chim, Acta, 1957, 17, 415). 
So we have determined these values and considered them. 


For the economy of space, the experimental tables have been omitted and figures 
showing the variation of the R-values with the concentration of tartrate employed jn 
some typical cases have only been reported. 


Separation of Cu**+, Cd** and 


The final concentration of each of the metal ions was 0.042 M and a mixture 
of H,S-water and K,Fe(CN), solution was used for developing. The results are plotted 
in Fig. 1. The separation of Cd**+, Cu** and Fe** ions is possible when 0.234 to 0.60 
equivalents of tartrate are used. When the ratio of metal: concentration of tartrate is 
1:0.7 to 1: 0.9, the Fe** ions are found to diffuse into those of. copper (II). With a ratio 
1:1 tor: 1.6, there is only a separation of the Cd’* ions, and with higher concentrations 
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of the same, separation is not.possible. It was noted that the Rr values of Cd?* do ‘not 
change appreciably with the additions of tartrate. The Rx values of Cu** do not 
change with smail additions of tartrate. but gradually decrease with higher concen- 
trations of the same. The Rt values of Fe** initially decreased with the addition of 
tartrate, but afterwards they tended to become constant. The Rr value of Fe**+ became 
constant with higher concentrations of the complexing agent. 


Separation of Ni*+, Cu** and Fe** 


The final concentration of each of the metal ions was 0.042 M and a mixture 
of dimethylglyoxime and K,Fe(CN), solutions was used for developing. ‘The separation 
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of Ni**, Cu*t and Fe** ions (Fig. 2) is possible up to the addition of 1.17 equivalents of 
tartrate. With higher concentrations of the same, separation is not possible. A good 
separation was obtained when 0.313 to 0.6 equivalents of tartrate were used. It was 
noted that the Ry, values of Ni*+ did not change with smali additions of ta:trate but 
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decreased slightly with higher concentrations of the complexing agent. The Rr values 
of Cu** decreased slightly with the additions of the complexing agent. The Rr and 
Rr values of Fe** behave in a similar manner as in Fig. 1. 
Separation of Cu**, and Fe*t 

The final concentration of each of the metal ions was 0.042M and a mixture of 
H,S-water and K,Fe(CN), solution was used for developing. The separation of Co** 
Cu*+ and Fe*+ (Fig. 3) is possible up to the addition of 0.70 equivalents of complexing 
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agent. With increase in the concentrations of the same, no separation is po.sible. A 
good separation was obtained when 0.156 to 0.6 equivalents of the complexing agent 
were added. Jt was noted that the Ri values of Co?* and Fe** deercased slightiy with 
the additions of the complexing agent and finally tended to become constant with 
higher concentrations of tartrate ions. The Rr value of Fe*+ became constant with 0.47 
equivalents of the complexing agent. 


Separation of Fe*+, Co** and 


The final concentration of each of the metal ions was 0.042M and a mixture of H.S. 
water and K,Fe(CN), solution was used for developing. ‘The separation of Co*t, 
Cd*+ and Fe*+ ions (Fig. 4) was effected up to the addition of one bquivalent of 
tartrate. With higher concentrations of the same, no separation was possible. A _ good 
separation was obtained when 0.078 to 0.766 equivalents of the complexing agent were 
added. It was seen that the Rn values of Co*t, Cd?*+ and Fe** did not change 
with small addition of the complexing agent, but by increasing the concentration of the 
same, the values decreased and finally became constant. The Rr values of Co** and 
Cd?+ became constant with 0.39 equivalents of the complexing agent. 


R- VALUES 
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Separ tion of Cu**+, Cd?+ and Co*t 


The final concentration of each of the metal ions was 0.042M and a mixture 
of H,S-water and K,Fe(CN), solution was used for developing. No precipitate was 
obtained in the beginning up to 0.234 equivalents of tartrate added, but with higher 
concentrations of the same, precipitation occurred. When 1.2 or more equivalents of 
the tartrate were added, dissclution of the precipitate took place. The separation of 
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Co?*, Cd*+ and Cu’+ ions (Fig. 5) was effected up to 0.77 equivalents of tartrate added. A 
good separation was obtained when 0.234 to 0.53 equivalents of the complexing agent 
were added. It was seen that the Rx valucs of Co** and Cd’* did not change with smail 
additions of the complexing agent. ‘These values gradually decreased with the increase 
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in the concentration of the complexing agent and had a tendency to become constant 
when large proportions of the same were employed. The Rr values of Cd?+ and Cu?+ 
became constant with 0.47 and 0.53 equivalents of the complexing agent respectively. 


Separation of Fe**, Cu**, Cd**+ and Co** 


The final concentration of each of the metal ions was 0.031M and a mixture of H,S- 
water and K,Fe(CN), solution was used for developing. A typical table of separation 


is shown below. 


Tasre I 
Ratio of 
total metal: | Cobalt (II). Cadmium (IT). 
No, Tart?-. Rt. Rt. Rt.. Rt. 
1 I :0.00 0.95 0.93 0.93 0.91 
2 I :0.05 0.95 0.93 0.93 0.90 
3 I :0,10 0.94 0.92 0.92 0.89 
4 I 20.15 0.94 0.92 0.92 0.89 
5 I :0.25 0.94 0.92 0.92 0.89 
6 I 70.30 0.94 0.92 0.92 0.88 
7 I :0.35 0.94 0.92 0.92 0.88 
8 I 20.40 0.94 0.92 0.92 0.88 
10.45 0.94 0.91 0.92 0.88 
10 I :0.50 0.94 0.91 0.91 0.87 
11 I 30.55 0,04 0.91 0.91 0.85 
12 I :0.60 0.64 0.91 0.91 0.85 
17 I 70.65 094 0.91 0.91 0.84 


Copper (IT). 

Rt. Rt. 
0.91 0.84 
0.90 0.80 
0.89 0.79 
0.89 0.80 
0.88 0.80 
0.88 0.80 
0.88 0.81 
0.88 0.81 
0.87 0.80 
0.87 0.80 
0.85 0.79 
0.85 0.79 
0.84 0.78 


Tron (IIT) 
RL. Rt. 
0.84 0.00 
0.80 0.00 
0.99 0.00 
0.80 0.00 
0.80 0.25 
0.80 0.33 
0.80 0.37 
0.80 0.40 
0.80 0.42 
0.80 0.47 
0.79 0.51 
0.79 0.54 
0.78 o. $7 
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The separation of Co?+, Cd*+, Cu*+ and Fe*+ ions is possible up to 0.8 equivalents 
of tartrate added. With higher concentrations, no separation occurs. 


The work was supported by the Scientific Research Committee, U. P. Govern- 
ment, and the authors are thankful to the Committee for the assistance. The authors 
also thank the authorities for the award of a Research Assistantship to one of tlem 
(E.J.S.). 
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SYNTHESIS OF NEW LOCAL ANAESTHETICS. PART II 
By PritHw1 NATH BHARGAVA AND PARASHU RAM SINGH 


Piperidin»acetyl-2-amino-4-phenyl-, -4-p-chlorophenyl-, -4-p-aminophenyl-, -4-methyl-, -4-chloro- 
niethyl-, -4 : 5-dimethyl- and -4-methy]-5-ethyl thiazoles have been synthesised and their local anaesthetic 
.ctivity tested. The hydrochlorides of  -4-p chloropheny1- 
and -4-p-aminophenyl-thiazoles have been found to be active local anaesthetics. 


In continuation of the previous work (Bhargava and Nair, this Journal, 1957, 34, 
42), 2-amino-4-phenyl-, -4-p-chlorophenyl-, -4-p-aminophenyl- -4-methyl-, -4-chloro- 
methyl-, -4:5-dimethyl. and -4-methyl-5-ethyl-thiazoles were prepared as the starting 
materials, which were in the first stage condensed with chloroacetyl chluride to oktain 
the corresponding chloroacetylamine compounds. These were further condensed with 
a secondary amine, piperidine. ‘The hydrochlorides of these bases have been prepared 
and their local anaesthetic activity has been tested by frog’s sciatic plexus method. 

A study of the pharmacclogical screening (Bulbring and Wajda, J. Pharmacol., 
1945, 85, 78) shows that the hydrochlorides ot piperidinoacetyl-2-amino-4-methyl-5- 
ethyl-, -4-p-chlorophenyl- and -4-p-aminophenyl-thiazoles are the most active of these 
compounds. The values obtained for these are less than that for procaine hydrochlo- 
ride. It is found that an extra amino group and a chlorine atom in para position in 
the benzene nucleus confer more activity on the compound than the presence of a 
higher aromatic nucleus, The simple benzene nucleus enhances the solubility and 
volatility of the compound as compared with other condensed rings. 


EXPERIMENTAL 


2-Amino-4 or 4:5-substituted thiazoles were prepared according to the method of 
Dodson and King (J. Amer. Chem. Soc., 1945, 67, 2242). Properties and analytical 
data of these are recorded in Table I. 


TABLE I 
2-Aminothiazoles. 
[T denotes thiazole. A denotes 2-ainino-]. 
% Sulphur. 

Compounds. % Yield. Colour. M.P. Formula. Found. Cale. 
1.  A-4-phenyl-T* 68 Yellow 147° CsHgN2S 19.35 19.94 
A-4ep-chlorophenyl-Tt+ 70 164° CgH7N,C!S 15.03 15.13 
A-4-p-aminopheny1-Tt 72 174° 16.70 16.75 
4 A-4-methyl-T* 56 Brown 126° CyHgN2S 27.85 28.06 - 
5.  A-4-chloromethyl-T 52 123° C,H;N,CIS 17.10 17.17 
6. A-4:5-dimethyl-T 48 131° C;HgN2S 24.85 25.00 


A-4-methyl-5-ethyl-T 36 135° CgHy9N2S 22.30 93.53 


* Dodson and King, loc. cit. 
+ King and Hlaveck, J. Amer. Chem. Soc., 1950, 72, 3722. 
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chloride | 3 ¢.c.), dissolved in 
dry benzene (12 c.c_), was gradually added to 2-amino-4-phenylthiazole (5 g.), dissolved 
in benzene (3o0c.c.). The reaction mixture was warmed at 70° on a water-bath for 
1} hours. Benzene was distilled off and the residue washed with sodium bicat bonate 
solution, then with water, and dried. The product was crystallised from alcohol in 
light yellow crystals, m.p. 157°. 

Other chloroacetyl-2-aminothiazoles were similarly prepared. Properties and analyti- 
cal data of these are recorded in Table IT, 


TABLE II 


Chloroacetyl-2-aminothiazoles. 


% Chlorine. 
Compound. % Yield. Colour. M.P. Formula. Found. Cale. 
1. -A-4-phenyl-T 72 Light 157° CyHgON,CIS 13.92 14.06 
yellow 
2. -A-4-p-chlorophenyl-T 78 118° 24.00 24.39 
3. -A-4-p-aminophenyl-T 32 Yellowish 187° Cy,H,pON3CIS 13 42 13.27 
green 
4. -A-4-methyl-T 68 Brown CgH7ON,CIS 18.64 19.06 
-A-4-chloromethyl-T 64 Brownish CgHgON,T1,S 31.08 
black 
6. -A-4:5-dimethyl-T 71 Brown 119° C7HgON,CIS 17.25 7-38 
7. -A-4-methyl-5-ethyl-T 65 Do 120° CeH),ON,CIS 16.32 16.40 


chloroacetyl-2-amino-4-phenylthia- 
zole (5 g.) in absolute alcohol (50 c.c.) piperidine (3.5 c.c.) was added and the mixture 
refluxed for 4 to 5 hours. Alcohol and excess of piperidine were recovered by distilla- 
tion and the residue was washed with sodium bicarboante solution and finally with water. 
The product was crystallised from 50% alcoho! and recrystallised from benzene in 
brown crystals, m.p. 167°. Similarly piperidimoacetyl derivatives of other 2 amino 
thiazoles were prepared. ‘Their properties and analytical data are shown in Table 11] 


TABLE III 


Piperidinoacetyl-2-aminothiazoles and their hydrochlorides. 


* Piperidino derivatives of compounds. Hydrochlorides 


% Sulphur. % Chlorine. 

No. Colour. M.P. Formu'a. Found. Calc. M.P. Found, Cale. 
Se Brown 167° CigHgN3S 10.75 10.97 254° 10.92 11.04 
2. Do 109° CigHigN;3CIS 9.85 10.00 130° 19.06 15.56 
3. Do 152° CigHaoNyS 10.50 10.67 245° 10 43° 10.69 
Brownish 114° Cy,Hy7N3S 14.26 14.35 119° 13 50 13-71 

black 
Do 107° Cy HygN3C1S 12.30 12.44 165° 23.25 23.86 
6. Black 132° CigHigN3S 13-45 13.50 153° 12.65 12 98 
7 Do 109° Ci3HaN3S 12.50 12.75 123° 13-50 13.75 


* The related compounds as recorded in Table II, 
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Pharmacological screening.—The hydrochlorides of 2-amino-4 or 4 :5-substituted 
thiazoles were screened for local anaesthetic activity by froz’s sciatic test. Two frogs 
were tested for each compound in 0.1 and 0.2% concentration and the time taken by a 
given concentration of local anaesthetic to fail to provoke withdrawal of foot was 
recorded. ‘The results are shown in Table IV. 


TABLE IV 


Results of local anaesthesia. 


Hydrochlorides. Onset of anaesthesia in Onset of anaesthesia 
0.1N-HCl. 0.2N-HCl. o.1N-HCl. 0.2N-HCl, 
A. Conc. of anaesthesia =0.1%. B. Conc. of anaesthesia =0.2%. 
1. Procaine 15 mins. 20 mins. 12 mins. 14 mins. 
2. Pa-A-4-phenyl-T 16 20 13 16 
3. Pa-A-4-p-chloropheny1-T 10 14 9 12 
4. PasA-4-p-aminophenyl-T 12 15 10 13 
5. Pa-A-4-methyl-T 17 22 15 18 
6. Pa-A-4-chloromethyl!-T 14 17 13 15 
7. Pa-A-4:5-dimethy!-T 13 16 12 13 
8. Pa-A-4-methyl-5-ethyl-T 10 14 8 10 
N.B, Pa stands for piperidinoacetyl. 


Thanks are due to the authorities of the Banaras Hindu University for providing 
necessary facilities, 


CHEMISTRY DEPARTMENT, 
oF Science BH U 
VaRANasI- Received September 19, 1959. 
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SHORT NOTES 


NEW ROUTE FOR THE PREPARATION OF 3-HYDROXYey-lo- 
HEXANEMETHANOL 


By M. A. Karim 


Von den Velden (J. prakt. Chem.; 1877, 15, 165) first prepared m-hydroxybenzy! 
alcohol by the reduction of mshydroxybenzoic acid with sodium amalgam. Mettler 
(Ber., 1905, 38, 1752) obtained the same alcohol in 45% yield by following the above 
method. 


Lapworth aud Showsmith (J. Chem, Soc., 1922, 121, 1395) improved the yield to 
80% by the reduction of m-hydroxybenzaldehyde with sodium amalgam. The present 
author has obtained the product in 82% yield by an alternative method, involving the 
reduction of m-hydroxybenzaldehyde with lithiuin aluninium hydride. 

The preparation of 3-hydroxycyclohexanemethanol (stereoisomers), and that of 
cis- and trans- diol, separately, have been reported by different authors from 3-hyd:oxy- 
cyclohexane carboxylic acid and its derivatives (Clark and Owen, ibid., 1950, 2103 ; 
Goering and Serres, J. Amer. Chem. Soc., 1952, 74, 5908 ; Noyce and Denny, ibid., 
p. 5912; 1954, 76, 769; Parkin and Tattershall, J. Chem. Soc., 1907, 91, 480). 


The present works describes the devised method for the preparation of 3-hydroxy- 
benzyl alcohol and its hydrogenation at room temperature and pressure over platinum 
oxide catalyst to 3-hydroxycyclohexanemethanol. 


The attempted method for the hydrogenation of 3-hydroxybenzyl alcohol over 
Raney nickel catalyst was not successful as the resultant product was mostly m-cresol. 


\—cHo \—cH.on ——> CH,OH 
—= PtO, 
| 
OH 6H OH 


(1) (11) (111) 
{Ni { He 
OH 


(V) (IV) 


m-Hydroxybenzyl Alcohol (II).—m-Hydroxybenzaldehyde (25 g.), dissolved in 
ether (300 c.c.), was added dropwise to a gently refluxing solution of LiAIH, (5 g.) in 
ether (500 c.c.) in a three-necked flask, fitted with a mercury-sealed stirrer and 
condenser (CaCl,-guard tube), The reaction mixture was allowed to reflux for 3 hours, 
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cooled in ice and the excess LiAlIH, was destroyed by dropwise addition of ice-cold 
water. The precipitated inorganic hydroxides were dissolved by the dropwise addition 
of ice-cold 10% H.SO,. ‘The mixture was extracted with ether and the ether extract 
washed with sodium bisulphite solution to remove the unchanged aldehyde, followed by 
sodium bicarbonate and finally water to remove the acid completely. 

The ether extract was dried over anhydrous sodium sulphate and the solvent 
removed. ‘The residue was recrystallised from benzene, vield 20.5 g. (82%), m.p. 
68.5-69° (lit. 67.73°). (Found: C, 77.52; H, 7.52. Cale. for C;H,O: C, 77.77; 
H, 7.40%). 

Attempted Hydrogenation of (II).—m-Hydioxybenzy] alcohol (50 g.) was dissolved 
in a solution of NaOH (15 g. in 50c.c. water) and the volume made up to 95 c.c, with 
water, Raney nickel catalyst (6g.) was then added and the mixture hydrogenated at 
150° and 238 mim for 2 hours, -’{he cooled, filtered ana acidified solution was extractec 
with ether and after drying over anhydrous sodium sulphate, the ether was removed 
The product was crude m-cresol (V), confirmed by the preparation and combustion 
analysis of the nitro (m.p. 102-i03-5”) and bromo (i.p. 82-83°) derivatives, 


3-Hydroxycyclohexanemethunol.—To the alcohol (II, 5 dissolved in ethanol 
50 c.c.), platinum oxide catalyst fo 15 g.) was added and the mixture hydrogenated for 
4) hours, during which period the theoretically required volume of hydrogen was absorbed. 
The catalyst was removed by filtration and the solvent by distillation under reduced 
pressure, The residue was distilled in vacuo, yield 4.5 g. (81%) ; b.p. 115-20°/0.5 mm ; 
n° 1.4900 (lit. 1.4900). (Found: C, 64.40; H, 10.95. Calc. for C,H,,0.:C, 64.60 ; 
H, 10.85%). 

3-Hydroxycyclohexanemethyl chloride (IV) was prepared from (III) in 78% yield 
according to the method of Clark and Owen (loc. cit.), b.p. 125-35°/30 mm ; mp** 1.4910 
(lit. 1.4910). (Found: C, 56.26; H, 9.01; Cl, 23.5. Cale. for "C;H,sOC1:C, 56.56; 
H 8.9; Cl, 23.8%). 


CENTRAL TESTING LABORATORIES, 
KaracH!I, W. PAKISTAN. Received December 12, 1959. 


zy! 

tler 

ove | 

1 to 

ent 

the | 
of 

xy- 

3 5 

id., 

um 

in 

in 

nd 
rs, | 


(Jour. Indian Chem. Soc., Vol. 37, No. 4, 1960] 


4:6-DINITRO-o-TOLUIDINE:A NEW SYNTHESIS 
By R. S. Kapr.* 


During a programme of research on nitration of some iodo compounds in this 
laboratury (Kapil, J. Chem. Soc., tos5y, 4127), sufficient quantity of 4 :6-dinitro-o- 
toluidine was required. Considerable difficulty was experienced when its preparation 
was undertaken by the partial reduction of 2:4:6-trinitrotoluene (Anschiitz and 
Zimmerinann, Ber., 1915, 48, 152; Brand and Fisenmenger, Ber., 1976, 49, 674) ; other 
side-products, such as, 6-nitro-m-toluylenediamine (Tiemann, Ber., 1870, 8, 217; 
Brady et al., J. Chem. Soc., 1929, 2264), 2:6-dinitro p-toluidine (Holleman and 
Boeseken, Rec. trav, chim., 1897, 16, 425; Brady et al., loc. citi.) and 2 :6-dinitro-4- 
hydroxylaminotoluene (Cohen and Dakin, J. Chem. Soc., 1995, 87, 1257 ; Anschiitz 
and Zimmermann, loc. cit.), were invariably formed during reduction which were 
difficult to separate. A new method was therefore planned involving the nitration 
of 4-nitro-o-toluidine in covcentrated sulphuric acid with fuming nitric acid. 


Procedure.—To a solution of 4-nitro-o-toluidine (5 ¢.) in H,SO, (d 1.8, 40c.c.), 


- cooled to 0°, fuming nitric acid ‘d 1.5, 5 ¢.c.) was added dropwise with vigorous 


shaking ; the mixture was then allowed to attain the room temperature (2 hours) and 
poured on crushed ice, The crude 4:6-dinitro-o-toiuidine, originally precipitated 
as a guiumy mass, soon solidified, which was filtered, washed well with water and 
recrystallised from glacial acetic acid in yellow crystals (3 g.), m.p. 160°. (Found: 
N, 21.1. Calc. for C;-H,0,Ns: N, 21.3%). 

The author wishes to express kis gratitude to Dr. Shyam Sunder Joshi, D.Sc, for 


his kind interest in this work. 


CHEMICAL LABORATORIES, 
MEERUT COLLEGE, Recetved January 30, 1950. 
MEERUT. 


* Present address : Central Drug Research Institute, Lucknow 
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For Laboratory Reagent Quality Acids 


Maximum Limits 


of Impurities: 


Non-Volatile Matter : 
Chloride (CI) : 

Free Chlorine (Cl) : 
Nitrate (NOs): 
Sulphate (SO,): 
Heavy Metals (Pb): 
Iron (Fe): 


Arsenic (As): 


Ammonium (NE,): 
Selenium (Se) : 


Oxygen Absorbed 


CALCUTTA 
Office : 


To Precise Specifications 


Acid Sulphuric 
H.SO,:98% w/w 
Sp. gr. 1.840 at 15°. 


0.0025 % 
0.0002 %, 


0.00002 % 
0.0002 % 
0.0001 % 
0.1 part 
per million 
0.0005 % 


0.001 % 


0.00015 % 


Acid Nitric 
HNO;:69.8% w/w 
Sp.gr. 1.420 at 15°. Sp. gr. 1.180 at 15°. 


o1 % 
0.00007 
0.0003 % 
0.0002 % 
0.0001 % 
0.02 part 


per million 


We invite orders and enquiries, 
Write us about your requirements 
for other reagent quality chemicals. 


BOMBAY 


KANPUR 
6, Ganesh Chunder Avenue, Calcutta-13 


Acid Hydrochloric 
HC1:35.4% w/w 


0.001 %, 


0.0002 % 
0.0003 % 
0.0002 % 
0.0001 % 
0.04 part 


per million 
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Gram: LILICOM CALCUTTA Phone: 24-4316 


LILICO PRIVATE LIMITED. 


3, MANGOE LANE, CALCUTTA-1, 
DISTRIBUTORS OF 
WHATMAN FILTER PAPERS 
FINE CHEMICALS 

FOR ANALYTICAL, PHARMACEUTICAL, 
PHOTOGRAPHIC, RESEARCH AND TECHNI- 
CAL PURPOSES 

STANDARD STAINS AND INDICATORS: 
PRODUCTS OF M/S. HOPKIN & WILLIAMS 
LTD. & L. LIGHT & CO., LTD. 

AVOSET SUGAR OF MILK (U.S.A ) 
IMPORTERS & DEALERS IN 
FILTER PAPERS, CHEMICALS, LABORATORY 

REQUISITES, APPARATUS ETC. 
Enquiries Solicited from 
IMPORTERS, DEALERS & USERS. 


PLANTS 
FOR 
HEATING 


IN 


LABORATORY 
INDUSTRY 
KITCHEN 


GANSONS 
PRIVATE LIMITED. 


P.O.B. 5576, BOMBAY.14. 
——Also makers of—— 


Superior Laboratory Fittings 
Atomic Equipments. 


LABORATORY 


GLASS APPARATUS 


* 
Sole Selling Agents: 
GHARPURE & CO. 


P-36, ROYAL EXCHANGE PLACE EXTN.- 


CALCUTTA-1 
Gram : MEENAMO, PHONE : 22-2061 


BOROSIL 
LABORATORY GLASSWARE 


such as 
FLASKS, BEAKEBS, CONDENSERS, MEASURING 
FLASKS, MEASURING CYLINDERS, PIPETTES & 
ANY SPECIAL APPARATUS MADE TO DESIGN 
and 


PENICILLIN VIALS, VACCINE BULBS— WHITE 
& AMBER 


ALL OTHER APPARATUS & EQUIPMENT 
MANUFACTURED TO CLIENT'S DESIGN 


INDUSTRIAL & ENGINEERING 
APPARATUS CO. PRIVATE LTD. 


CHOTANI ESTATES, PROCTOR ROAD 
GRANT ROAD, BOMBAY 7. 
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Phone—34-3176. Telegrams—Nadlachem!. 


NADIA CHEMICAL WORKS PRIVATE LTD. 
C 44, 45 & 46, COLLEGE STREET MARKET, CALCUTTA-12. 


Manufacturers of :— 


CHEMICAL S—Benzene, Toluene, &c., Bromine, 
Halogen derivatives of both Organic and _ Inorganic 
compounds and other fine Laboratory Chemicals 


. STILLS for _ distilling Essential Oils, Alcohols, 


Water, etc. 


RECTIFIERS, CONDENSERS, &c. 


. OVENS, Baths &c. for Gas, Oil or Electric heatings. 


. Scientific Apparatus (PHYSICAL, CHEMICAL, 
BIOLOGICAL, &c.) of both Glass and Metal. 


. MICRO-ANALYSIS APPARATUS. 


Please ask for Estimates. 
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VERY RELIABLE INDIGENOUS SUBSTITUTES 
OF CUARANTEED ANALYTICAL REAGENTS 
v~.. MAY BE FOUND IN 


“BASYNTH” 


Brand 
ANALYTICAL REAGENT 


Acid Hydrochloric 
Acid Hydrochloric Fuming 
Acid Sulphuric 
Acid Nitric 
Acid Nitric Fuming 
Acid Acetic Glacial 
Ammonium Hydroxide 
Benzene 
Toluene 
Xylene 
Petroleum Ether 
Amyl Alcohol 
Buty! Alcohol Etc., Ete. 


BASIC & SYNTHETIC CHEMICALS 
PRIVATE LIMITED 


P. O. Jadavpur University, Calcutta-32 


MADE IN INDIA 
HIGH VACUUM ROTARY PUMP 


Single Stage & Two Stage 
With or Without Air Ballasi 


Ali Indian Materials and Construction 


BASIC & SYNTHETIC CHEMICALS 
PRIVATE LIMITED 


P. O. Jadavpur University, Cal-utia-32 


* FOR YOUR REQUIREMENTS 


Telephone : 26-2304 
Telegram : TECHLAB 


A few of our Agencies : 
* LUDWIG SEIBOLD, Austria, 
For pH Testers, Titrators 
and Recorders etc. 
EASTMAN KODAK U.S. A., 
For All Sorts of Complex 
Organic Chemicals. 


OF ALL KINDS OF:EQUIPMENTS FOR RESEARCH * 


RAJ-DER-KAR & CO., 


SADHANA RAYON HOUSE, Dr. D. NAOROJI ROAD, BOMBAY-1 
Bransh office : 
44/6, Regal Building, Connaguht Place, New Delhi, 


*W.A. TAYLOR & CO,U.S. A., 
For pH Comparators, Indicators, 
Water Analysers etc. 
* TRACERLAB Inc., U. S. A., 


For Radiochemicals & Equipments 
for Nuclear Research. . 
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We Wanufacture... 


Lahoratory Chemicals 
G Reagents 


of a wide range under rigid 


control and expert supervision 


to ensure guaranteed standard 


& reliability. 


A selection from our range : 


*Acetone *Carbon Tetrachloride 
*Alcohol Methyl *Lead Acetate 
*Barium Carbonate 


*Barium Chloride 
*Benedicts’ Solution *Magnesium Sulphate XL 


*Benzene *Xylol 


& ) THE CALCUTTA CHEMICAL CO., LTD. 


HEAD OFFICE: 35, Panditia Road, Calcutta 29. 


*Liquor Ammon Fort 


BRANCH OFFICES & DEPOTS AT: 
Delhi, Madras, Bombay, Bangalore, Vizag, Ranchi, Nagpur, Jamshedpur, Patna, 
Bilaspur, Bhagalpur, Madhupur, Asansol, Siliguri. 
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Through thick and thin Pyrex 


g 


Pyrex tubing 
is made from Pyrex borosilicate glass 
It is therefore 

heat-resistant 

mechanically strong 

chemically durable 

—and functionally matches all other 

PYREX glass apparatus 
In addition, its chemical composition is now 
completely free from arsenic 


Sizes 2 mm to 100 mm o/diam—the largest 
size-range available in borosilicate glass 


Wall Thickness Standard Wall, Heavy Wall, 
Extra Heavy. Also Capillary range 


Length Tubing is supplied in standard lengths 
of approximately 5 feet 


SPECIAL problems eyes | manipulated 
tubing can be referred to the PYREX Service 
Department, who will gladly construct special 
laboratory equipment to your drawings, in 
consultation (if necessary) with your scientific 
and technical staff 


Everyone who makes glass 
apparatus needs Pyrex Tubing. 
The Pyrex catalogue lists no 
fewer than 80 standard lines, 
all in healthy demand. 

Who uses all this tubing? 
Hospitals, research labs for 
Government and industry, 
universities, schools. 

PYREX are always improving 
their production methods 

to attain even higher standards 
of quality. This is one good 
reason (among many) why 
everyone who is looking 

for quality glassware looks 

for PYREX 


PYREX 


Regd. Trade Mark 


Laboratory 
and scientific 
glass 


AVAILABLE FROM ALL LEADING DISTRIBUTORS 
SOLE AGENTS : 
GORDHANDAS DESAI (PRIVATE) LTD. 
PHEROZSHAH MEHTA ROAD, FORT, BOMBAY 1 
Also at CALCUTTA, MADRAS & NEW DELHI 
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ANALYTICAL 
INSTRUMENTS 


tz Perkin-Elmer 


MODEL 221 

DOUBLE BEAM 
RECORDING INFRARED 
SPECTROPHOTOMETER 
The most refined 
instrument for 
infrared analysis 


A highly flexible instrument 
covering complete ultraviolet, 
‘ visible and infrared regions 


MODEL 

DOUBLE BEAM 

SPECTROPHOTOMETER 

A new instrument for 
routine infrared 


MODEL 38-A 
ELECTROPHORESIS 
APPARATUS 

For analysis and separation 
of complex solutions 


MODEL 146 FLAME 
PiOTOMETER 

For rapid analysis of 

any element in solution 
with visible emission lines 


SPECTRACORD 

MODEL 4000A RECORDING 
PECTROPHOTOMETER 

iolet, visual, near 
infrared regions. Features 
double monochromator 


MODEL 154-C VAPOR 
FRACTCMETER 

A new, low cost gas 
chromatography apparatus 
for analysis of gases and 
liquids boiling upto 325°C 


PSBS-24/59 


Perkin-Elmer is proud to present 

a complete line of analytical instruments 

for the spectroscopic or chemical laboratory, 
Each embodies the most recent technical 
advances in its particular field—each is 
constructed with Perkin-Elmer’s 
characteristically high standard of quality 
and workmanship, and each is backed with a 
complete set of accessories to make it useful 
for the widest possible range of problems, 


The variety of instruments now available 
from Perkin-Elmer permits the equipping 
of a laboratory for practically all types 
of analyses with instruments of a single 
manufacturer. This can result in 
consicereble savings in servicing, and 

in inventories of accessories, 


Sold and serviced in India exclusively by 


BLUE |x] STAR 


BLUE STAR ENGINEERING 
CO. (Calcutta) Private LTD. 
7 HARE STREET, CALCUTTA ! 
Also at BOMBAY DELHI MADRAS 
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HOPPLER RHEO-VISCOMETER 


AN ABSOLUTE VISCOMETER 
FOR 
VISCOSITY MEASUREMENTS 


HIGH FLUID SUBSTANCES, 
HIGHLY VISCOUS EMULSION§, 
PASTES, FATS ETC. 


Measuring Range :0.5 to 1000000 @P 
Accuracy: +0.5% 
Temparature Range : 60° to + 1208 


PE 


Manufactured by : 
VEB PRUFGERATE-WERK, MEDINGEN 
DRESDEN — GERMANY, 


SOLE AGENTS IN INDIA: 


GORDHANDAS DESAI PRIVATE LTD. 
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